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HUtorical Elogeo/Antoine'LaurentJuttieu.* ByM. Flourens, 
Perpetual Secretary of the Academy of Sciences of France. 

The family of Jussieu proceeded originally from the small 
town of Montrotier, situated in the midst of the mounttuns of 
the Lyonntus. One of the members of this family went to Lyons 
about the year 1660, and established himself as an f^othecary. 
He married there, andwas the father of sixteen children, three 
of whom, Atitoine, Bernard, and Joseph de Jussieu, became three 
of the most distinguished botanists of the eighteenth century. 
The oldest of this numeroas and gifted family was called 
Christophe, and he was the father of M. Laurent de Jussieu, 
who had the honour of conferring additional celebrity upon 
the name his ancles had left him, and the felicity, not less 
rare, of handing it down to a successor who maintains its re- 
nown. In this family a taste for botany seems, for nearly 
two centuries, to have been hereditary, in the same way as a 
mathematical genius has, for nearly the same period, charac- 
terized the family of Bemouilll 

Antoine de Jussieu, who commenced the celebrated career 
of the family, was a botanist almost from his infancy ; at the 
age of fourteen, making excursions in the neighbourhood of 
Lyons, and throughoat the snrrotmiling provinces. At the 
age of eighteen he went to Montpellier, where he studied 
under Magnol, who introduced the term families,— a, very 
happy expression, though at first little understood, for the af- 
finities, and, we may say, the parentage of plants. At the 
age of twenty-four he sacceeded to Tonmefort, the greatest 
botanist of his own age, or, perhaps, of any other time ; for 
he was the first to establish the fundamental principles of the 
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science, as Limiseus, at a later period, conferred upon it its 
nomenclature. Antoine being required to devote a large 
sbare of Ms attention to the laborious duties of the healing 
art, in which he excelled, did not perform for botany thoae 
distinguished services which his ready and precocious genius 
gave reason to expect. He, however, called his second brother 
Bernard to supply his lack of service, and by this judicious step 
probably did more for the science, than if he had devoted the 
whole of his own energies to its prosecution. After having 
thns assisted Bernard to commence his brilliant career, he 
did the same kind office, and in the same way, for bis younger 
brother Joseph, whose life was as agitated as that of his elder 
brother's was tranquil, end who abandoned his native land for 
Peru in the year 1735 . He then accompanied, in the character 
of botanist, the scientific expedition which the Academy sent to 
the Equator, there to measure a degreeof the meridian, and thus, 
by direct experiment, to settle the famous and long-debated 
question of the figure of the earth. Joseph Jussieu was a 
bright example of all that courage, and patience, and devoted- 
nese to science could accomplish ; nor less so of the sad cha- 
racteristic of the scientific heroism of modem times, which, in 
every quarter of the globe, exhibits the tombs of its most as- 
siduous votaries. Detained at first, by the curiosity which 
those rich and novel regions inspired ; and afterwards by the 
inhabitants, who, afflicted with a fatal epidemic, would not 
dispense with the services of so able a physician ; he returned 
to France, after thirty-six years of most fatiguing service, 
broken down alike in body and mind, having even become 
oblivious of what he had accomplished, — thus establishing by 
so many trials and misfortunes, his claim to the title which Con- 
dorcet conferred on him, the Botanical Martyr, Of these three 
brothers, the only one who produced on botany, and, through 
botany, upon the whole of natural history, one of those strik- 
ing influences which mark an epoch in science, was Bernard. 
Whilst all the other French botanists, commencing with bis 
brother Antoine, were, with timid step, following the traces of 
Tonmefiirt, he opened tq) a new path previously untrod, and 
in which no one has advanced so far as his nephew, M. 
Laurent de Jussieu, the subject of the present menunr. 
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Antoihi-Lauebkt db Jdssibu, the nepbew and successor of 
Bonard, was bora at Lyons on the 12^ of April 1748. As 
soon as his elementary studies in that city were terminated^ 
his uncle invited him to Paris, where he arrived in July 1765, 
in his eighteenth year. He was thus at once put under the 
protection of the man who, since the demise of Tournefort, 
swayed the sceptre of botany in France, and whose only rival 
in Europe was Linmeus ; he was a wonderiiil man, whose name 
is a household word throt^hoat the scientific world, and who, 
notwithstanding, has scarcely written any thing. But if this 
eminent individual wrote little, he thought much ; and spent 
his life in meditating upon one of those questions which com- 
prehend almost every other in a science ; he resolved the 
problem of arraTtgement in natural histcnry, and solved this 
fundamental problem in the middle of an age, whose e£Fbrts 
of every description have prodigiously advanced the domains 
of human intelligence. 

At the time that the young Jussieu came to reude with 
Bernard in Paris, his uncle Antoine was dead, his uncle Joseph 
was still in Peru, and his illustrious aged relative lived almost 
alone. Reuding in a small house in the rue det Bemardim, 
be went out only to mass, to the academy, and to the Jardin 
det PlatUef ; he was almost always engaged in deep medita^ 
tions, and allowed them to be interrupted only — ^if interrup- 
tion it might be called — by intercourse with a few friends, se- 
lected from the choice men of the day, such as Poivre, Lemon- 
nier, Duhamel, Malesherbes, &c. Such was the retired life 
<^ Bernard ; and to this ampUcity of manners, and a taste 
fcv free and continued meditation, in which, by a peculiar 
tnut of his character, he seemed rather to allow ideas to sug- 
gest themselves than to search for them, he conjoined a most 
remarkable regularity in his habits. Every thing in bis man- 
sion was subjected to the most exact regularity and order, to 
what might be designated the very eatenee of arrangement. 
Every thing was done every day, at the same moment, and in 
the same way. Every meal was at a fixed and invariable 
hour ; the supper hour was nine, and when Laurent went to 
the theatre, he never forgot to calculate the precise number 
of minutes which it would take to hurry back to iba parloar, 
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eo diat he m^ht enter the one door as hia uncle opened the 
other. We may here mentioD another anecdote which exhi- 
bits Bernard's character in another point of view. He was 
in the habit of depositing in a certain chest that portion of 
his revenues which was not required for his current expenses ; 
one day he required to make an extraordinary outlay ; he 
opened his coffer, where he found 40,000 francs. On settling 
this demand, the box was again shut, to he opened only after 
his death, when nearly the same sum was again discovered. 
We may here add, that he used his intellectual wealth very 
nearly in the same way as his secular ; he allowed it to accu- 
mulate with the same regularity, and the same steady con- 
stancy, and yet with a kind of indifference, till, on one occa- 
sion, he opened it out, and traced the sketch of his Ordres ifa- 
tureU, the unmortal monument of his genius. After this he 
again left it to accumulate airesfa, and at his death he trans- 
mitted it a legacy to his nephew, the most precious portion of 
his inheritance. 

Bernard spent nearly the whole of his time in refiectionf 
and usually in a sitting posture. The uncle and nephew 
worked throughout the whole day in the same apartment, and 
with little or no conversation. In the evening the nephew 
read to his uncle, who, in his turn, communicated all his own 
views and reflections. It will at once he perceived that the 
impressions received from a man of this stamp, must have ex- 
erted a powerful influence upon the character, not less than 
the genius, of young Jussieu j hence there was the same sim- 
pUcity of hnhits, the same perseverance in labour, the same 
constancy in the development of one and the same great leading 
idea ; never did two men appear mor% to he merely the con- 
tinuation the one of the other — the two successive ages, or 
phases of one life. 

After five years thus spent with his uncle in such labcoious 
study and intimate intercourse, Laurent took tus degree in 
physic, and in his twenty-third year became the assistant of 
Lemonnier in the Chair of Botany, in the Jardin deg Plantea. 
As soon as he commenced to discharge the duties of professor, 
the influence of Bernard upon his reflections must have ac- 
quired new power. He consulted him in his various diflicul- 
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ties, and submitted to him his doubts ; though, at the same 
time, we ought to add, that, even in those discussions which 
he then ori^ated, he was often less influenced by scientific 
• curiosity than hy filial affection. For, since the death of his 
brother Antoine, Bernard had become sadly melancholy, and 
shortly after this he lost his sight. The only links, then, which 
bound the venerable old man to hfe, were those supplied by a 
young man, who unceasingly watched to reanimate, by search- 
ing and difficult inquiries, a genius which was wont to be 
ardently bent upon meditation. 

In the year 1773, a vacancy occurred in the Academy, and 
Bernard urged his nephew to become a candidate foi; the ho- 
nour ; but Laurent had hithei-to published nothing. It was, 
therefore, necessary for him to prepare some memoir, and for 
the subject of his first work he chose " The examination of 
the family of f he Sanunculi." The subject selected was of no 
great moment, for, whatever it might have been, it supplied an 
occasion for manifesting his powers, and developmg his en- 
larged ideas. Hence, it was, in fact, by a powerfid reaction 
upon his uncle's opinions that he conceived those ideas under a 
new form, a form which was his own ; and that he, in his turn, 
conferred upon them the impress of his own thoughts and of his 
own genius. He used often to mention that it was this memoir 
which made him a botanist ; that the curtmn was then raised, — 
le voile s'etait lev^ — was his expression ; and that then, for the 
first time, he recognised those grand principles, the demonstra- 
tion of which henceforth became the constant aim of all his 
efforts and researches. 

This memoir produced the strongest possible impression. 
It introduced to notice a completely new set of ideas. After 
its publication, a new element, — the constituent principle of 
the Natural Arrangement — then received its place in science, 
and speedily effected a change upon its whole character. Up 
to this period, and particularly since the time of Linn^us, 
science had very much turned upon nomenclature ; hut now, 
and in obedience to an bnpulse which conducted it nearer to 
its true object, the nature of beings, it caused the study of cha- 
racters to take the place of the study of nomenclature. " No- 
menclature," says the autiior himself, "ought not to be neglect- 
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ed, but the discovery of characters is the more important part of 
botany." He established the principle, that all characters are 
not of equal value ; that there are some which are general, 
and some particular, some constant, and others variable, some 
primitive, and others secondary ; sometimes a single one is of 
more real value than many ; and hence the axiom, that we 
are not to count characters, but to vaiue them. 

Characters are the indicatory tigne of the relations of beings. 
In every organised existence, whether vegetable or animal, 
each part has a necessary relation to all the other parts. 
Consequently we may judge of them all, from any of them ; 
and the parte which are taken for the gigm of the others, — 
the parts by which we judge of the others, are those vphich 
are denominated characters. 

Naturalists began by seeking for these characters — ^these 
signs — in all parts nearly indifferently ; ere long, however, 
they recognised that these parts have nothing like the same 
virtue in the processes of uniting, or of distinguishing, different 
beings. Hence, then, arises the process of computing or eal~ 
culating characters, and this calculating gives the solution to the 
problem of arrangement. About the middle of the sixteenth 
century, Gessner proposed to derive the principal characters 
of plants from the organs of fructification : this was the first 
step, — the pre-eminent importance of the seed, demonstrated 
by C&alpin, was the second. 

Perhaps the most interesting problem in the whole science 
of vegetable physiology has been the determination of the 
peculiar function of each part of the flower. As every one 
knows, a flower it composed of many parts. In the middle 
is the pistil or female organ ; around the pistil are the stamens, 
or the male organs ; next the corolla, the more brilliant and 
coloured part of the flower, what is called the flower itself, by 
Toumefbrt, surrounds the stamens ; and the calj/x, the pro- 
longation of the external covering of the bark, in other words, 
the epidermis, envelopes all these parts. A century and a 
half after the time of Gessner, Toumefbrt was still ignorant 
of the true use of the stamens ; he actually denied this use, 
which was correctly assigned to them by Vaillant The ideas 
of Vaillant upon the sexes of plants, which have since be- 
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come p(^iilarly known b; the ingenions system of LiunoiuB, 
were confirmed by the accurate ezpenments of Linmeaa him- 
self, by those of Gleditsch, and of Koelreuter, and thus the 
phj/siological problem was settled. 

It is to M. de Juasiea that we owe the solution of the 
problem which relates to arrangcTnent. He noticed that the 
corolla and the c^yx were wanting in a great number of 
plants. The pistils and the stamens agun were more essen- 
tial, were the producing parts of the embryo— of the new 
being — and were always present ; but, taken separately, these 
organs supplied only incomplete alliances — natural alliances, 
and complete ones, are furnished only by the two organs 
taken together, and considered as regards their respective 
insertion. The insertion, then, of the stamens in the fiotser^ 
forms the first character. The primary character of the seed 
is drawn from the lobes of the embryo — the new existence. 
These lobes are the first leaves of the new plant, the organ 
which supplies to it its first aliment, or at least prepares it 
for it. It will readily be understood, then, to use a happy 
expression of M. de Jussieu himself, that the remarkable 
and simple differences which are observed in these first ot^fans 
must exert a peculiar influence upon the general development 
of the plant, and upon its whole organization. All the other 
parts of the seed, those which are strange to the new being 
and the parts of the seed properly so called, such as the 
aemintU envelopes, the perisperm, &c., are only secondary 
portions. This memoir of M, de Jussieu, in which he laid 
the foundation of the science of characters, bore the date, as 
we have stated, of the year 177S ; and this memoir opened 
to him the doors of the Academy. 

Next year, 1774, he presented to the same learned body 
another paper, which was more extended and complete, and 
in which his leading ideas were again reviewed, somewhat 
differently arranged, and detailed with more clearness and 
precision. The occasion of this second memoir waa the fol- 
lowing : — The arrangement of Toumefort, which this great 
botanist himself esteblished in the Jardin des Plantes, still 
prevMled there in the year 1774, in spite of all the changes 
which had taken place in the science ; and the necessity of 
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some alteration was very generally felt. At the same time, 
the number of the spedes of plants, which had been acquired 
during tbis long interval, had vastly increased, and the former 
space WB& very far from being sufficient. It was under these 
circumstances that Buffon proposed a plan for enlargement 
worthy of the epoch on which his own name confers a date. 
He explained his project to Louis XV. who was fond of botany, 
and who adopted it. The garden was doubled in its dimensions ; 
and from that time it became necessary that the whole portion 
which was devoted to the School properly so called, should be 
replanted. All that remained to bedetermined,was the method 
which was to be pursued in this new plantation. The method 
of Tumefort could no longer be mtuntained, at all events, as 
a whole, and more especially since the prodigious progress 
Liniuens had made, first in the determination of genera, and, 
then, in the simplification of the nomenclature. Nor could the 
system of Linnsus, in many respects so ingenious, with more 
satisfaction be adopted, because, in fact, it was more re- 
moved from the natural order, even than that of Toumefort. 
Two plans, therefore, could only be thought of, either to cor- 
rect the one of these systems by the other, or to establish a new 
one ; and this dilemma formed a barrier to any immediate 



The new system proposed by M, de Jussieu was a sage 
combination of the celebrated labours of Linneiis, of Bernard 
de Jussieu, and of Toumefort. From Linnseus he borrowed 
the genera, the apeeiea, and the nomenclature ; from Bernard 
the orders, or the natural farmliei ; and finally, trom Toume- 
fort the means of multiplying the clastet of Bernard without 
disturbing his orders or \a&famUw». 

The genera of Linnieus were the most precise which had 
hitherto been established ; his $pecies were the best deter- 
mined, and his Tutmenclalure was admirable. This nomencla- ' 
ture which, as it regarded every plant, reduced the long 
phrases of Toumefort and of Gaspard Bauhin to two words, 
the name of tbe ipedea and the name of the genut, constituted 
alone, a very great reformation of tbe science. Nevertheless, 
when its introduction was proposed into the Jardin dea 
PItmte$, a difficulty presented itself. The prejudice of Buffon 
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a^oiaat the technical part of the classilication was notorions 
and serious, and at first he entered a protest against the in- 
troduction of the Linnaean names ; M. de Jussieu's first task, 
then, was to convince the eloquent zoolo^st that these names 
constituted one of the happiest changes which had heen ef- 
fected in Natural History ; and he added that the Garden at 
Paris should not be second in any improvement whatever ; 
and to these convincing arguments Buflbn soon yielded. 
The Jardin des Planlet received, at one and the same time, 
the nomenclature of Linnsus, and the natural orders of 
Bernard. 

These natural orders, such as Bernard had recognised them, 
were comprehended in seven classes. Laurent perceived the 
necessity of multiplying them, and he precisely donbled their 
number, making fourteen. The lobet of the embrt/o supplied 
the three first: hence the famous division of the whole of 
the vegetable kingdom into the acotyledonout, monocotyle- 
donous, and dicotyledonous plants ; and the insertion of the 
stamens upon the pistil, upon the support of the pistil, upon 
the calyx, or upon the corolla, supplied the rest Thus, 
two orders of character, the former drawn from the em- 
bryo, and the latter from the relative insertion of the dif- 
ferent parts of the flower, supplied all the classes. Characters, 
of less and less importance, afforded other groups, viz. the 
families, the genera, and the species : the whole of the groups 
sabordinated themselves in the arrangement, as the charac- 
ters themselves did in nature ; and the fundamental and con- 
stituent principle of the arrangement, derived ttma nature 
itself, is the relative importance of the characters. 

But this relative importance of characters, the bai^ of the 
whole edifice of the arrangement — how was it to be estimated 
in its turn — how was it to be valued with certainty ? Here 
two methods present themselves, which are equally certain. 
One, which is founded upon reasoniog, directly infers the im- 
portance of a character from the importance of the part which 
supplies it. In a vegetable, every thing confribates to the 
formation of the flower ; everything in the flower contributes 
to the formation of the embryo, or the new existence ; the 
formation, then, of dus new existence, or being, of the embryo, 

|.:n .....CTOOglC 



10 M. Flonrenfi* SUtorical Elcfge of 

in short, \b tbe aim and esd of all other Tegetative fuDctions, 
// is, therefore, says M. de Jussieu, i» the embryo that natu- 
ralisls ou^ht to look for their primary characters. 

When this method, founded apon reason, and which may 
therefore be designated the rational method, fails, and it very 
soon fails in botany, the author supplies its place by another 
which is purely experimental, but nevertheless equally sure, 
and which is, moreover, unfailing. In default of a function 
which is not known, or which is but little known, or which, 
at best, is not sufficiently known to declare the importance of 
the organ, he determines the importance of the or^an by its 
constancy. Nor is this all As it is with an organ itself, so 
is it with each circumstance appertaining to an organ ; the 
most constant circumstance, in other words, the most general, 
is always the most important. Linnseus made the stamens 
the base of his system ; their number, attachment, union, 
proportion, and situation ; he considered all, he made use of 
all, without perceiving that, among all these characters, one 
only was of importance, and because it alone was constant, 
namely the attachment of the stamens, or their insertion. 
Toumefort again founded his system upon the corolla. He 
regarded its presence, its absence, its situation, division, 
and form, and employed all these characters, which are 
variable, whilst he altogether overlooked the character drawn 
fix>m the attachment of the corolla, the one which alone 
is constant. The natural order escaped the observation 
of these two great men, and, as we have noticed, from the 
same cause, because they were both ignorant of the relative 
importance of characters. It wiQ, moreover, be found, if 
we direct attention to the prc^ess of botanists since the time of 
Gessncr, that all those who have succeeded in their attempts, 
having established some fragmentary portions of the natural 
order, have followed, though unknown to themselves, the 
principle of the importance of characters. Finally, as is gene- 
rally known, there are some natural families which are as it 
were ready made to onr hands, as the Gramine<e, the Composite, 
and the Umbelli/ertB. In the study, then, of these families, 
every character which varies in one of them is made subordi- 
nate and secondary, and the primitive character, in eflier 
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words, the esseotial one, or which may properly be called the 
imporUmt character, embraces the whole famUy . 

There is, therefore, an order, a gradation, and a subordina- 
tion in the characters ; and the true problem is the c1assi6ca- 
tion of these characters in the same method that the existences 
themselveB are, in their turn, classified ; and this brings under 
our notice a phase of the science which is altogether new. 
Bernard de Jnssieu, who introduced the principle of the 
relative itnpor tan. -e of character into the classiBcation of plants, 
never sufficiently v'isengaged it from the details of practical 
botany ; bat Laurent exalted it, and gave it a conspicuous 
place as a theory, .ind by this transformation itself he gene- 
ralized it, and dem<>nstrated all its important bearings ; he 
consummated the great revolution which his ancle com- 
menced, and created the philosophy of arrangement. 

When M. de Jussieu wrote those two memoirs on which we 
have been dwelling, the first germs of all that he has subse- 
quently accomplished, both his ancle Bernard and LinuKus 
were still alive. Shortly after, however, they paid tjie debt 
of nature ; Bernard, in the year 1777, and Ltnnfeus the year 
al^r. From that time, the first place in the science was 
vacant, and every one perceived that M. de Jueaieu was about 
to fill it ; and of this he himself was perfectly conscious. In 
keeping with this remark, I find, in one of his letters written 
at this period, these remarkable words : — " Circumstances are 
ever occnrring by which a man ought to profit ; and an occa- 
sion of this sorti occurs in my experience, which it would be 
wrong to neglect. We have lost, within the period of three 
months, the three first botanists in Europe. M. Haller in 
Switzerland, Linnieus in Sweden, and the third in Paris- 
There will be a glory in succeeding them, and in obtaining 
for France that Primacy which staangers have disputed." 
These words betray the opinion which he entertained of his 
own powers ; and they were immediately exhibited in another 
and more important manner, namely, by Uie enterprise which 
at that time he undertook, which was nothing else than to 
subject the whole of the vegetable kingdom to those princi- 
ple which he had propounded in his memoirs ; — an immense 
undertaking, whose result has been that great work upon Les 
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Families dea Planus, from the publication of whidi dates the 
new spirit which, at the present time, animates all those iriio 
are engaged with the alliances and the classification of beings. 
The natural method of arrangement was the grand object to 
which all the efforts of naturalists had tended, previous to its 
discovery ; and, once discovered, it has since become their polar 
star in every subsequent effort. 

The ancients, if we except Aristotle, and Aristotle aJone, did 
not concern themselves with the relations of beings. They 
made researches in natural history, and especially in botany, 
only on the score of utility, and studied vegetables only as 
they bore upon domestic economy, and upon physic. The 
order, the relation of species, the arrangement, which is the 
expression of this order and these relations, — all, in short, in 
botany, that was purely scientific, escaped them ; and it was 
scarcely pos^ble it could be otherwise, as so few plants had 
been brought under their cognizance. They amounted only 
to 500 in the days of Theophrastus, to 600 in those of Dios- 
corides, and to 800 in Pliny's time. 

The natural order, — in other words, the true order of beings, 
— ^has its materials dispersed over the whole surface of the 
globe. It may be compared to an edifice, of which we have 
only the disjointed and overturned fragments ; nay, of which 
we are very far from having all these, and of which we are, 
nevertheless, solicitous to detennine the reconstruction. It 
will readily he understood, that tlie greater the deficiency of 
the fragments, the ^eater will bo the difficulty of the resto- 
ration ; and that this deficiency may still be so great, that our 
object will be unattainable ; and that the only way in which 
we can be rigorously certain that it is perfectly accurate, 
would necessarily be the possession of the whole. 

At the close of tbe middle i^es, astonishing discoveries ra- 
pidly succeeded each other ; and the most wonderful of all 
was the discovery of the New World. The curiosity of man- 
kind, awakened by these great events, excited them to bolder 
and more energetic researches. The sciences were reani- 
mated, extensive voyages were commenced, and the ascer- 
t;uDed number of beings augmented with a rapidity which 
increased its own speed, and in a ratio the more worthy of 
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remark, in proportion as it ftpproximated to our own epoch. 
Not to extend, on the present occasion, beyond the limits of 
botany, the total nomber of knows plants, which, in the 
catalogaes of the earlier authors of the 16th century, did not 
amoant to more than 800 or 900, towards the end of the 
same century amounted to no less than 20OO ; in the following 
century, according to Toumefort, they had advanced to 10,000, 
•n which, however, the varieties are comprehended; when 
reduced to individual species, properly so called, this number, 
according t« the reckoning of Linneeus, amounted, in his time, 
to 7000 ; it was to the extent of 30,000 in the time of M. de 
Jusaeu, and it has quadrupled since his day. and wilt, acc(H*d- 
ingly, amount to the number of about 80,000, in the great 
work which M. De Candolle is now publishing. A single 
^Eunily, that of the Compoaittx, will contain more than 8000 
species in this work ; that is to say, vrill conttdn more species 
in a single fiuoUy, than found a place in the whole vegetable 
kingdom in the days of Limueus. The genius of M. de Jussieu 
is nowhere more conspicuous than in that part of his History 
which he drew finm the materials which he possessed at the 
epoch at which he wrote. The number of these materials has 
ance increased fourfold, as just stated ; and, notwithstanding, 
there is not any grand principle of the natural order, which 
does not find its place in his book, and scarcely any of the 
combinations since established by his successors, of which the 
germ may not be there discovered. Fontenelle admires, in 
Toumefort, a classification where more than 1200 new species, 
which, he adds, reere not expected, could be introduced, and 
without injuring its foundations. What, then, would he have 
said of the arrangement of M. de Jussieu, in which nearly 
50,000 species, quite unknown at the time the author wrote, 
have found their place, and almost everywhere, a place which was 
previously indicated, — a place ^rfiich ihe^ were expecledio fill ? 
The work in which M. de Jussieu propounded his arrange- 
ment, the fruit of so many deeply-calculated combinations, 
was the result of fifteen years' unremitting labour. He com- 
menced its impression in the year 1788, and so matured was 
it in his mind, that the printing was begun before the manu- 
script was ready ; and the author was never in advance of the 
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printer above two or three leaves. To this we may add, that 
the first sheets had been printed withont those Notes placed 
at the close of the characters of the families, which are, 
perhaps, the most acute and profonnd parts of the whole book. 
M. de Jussicu ordered all these sheets to be destroyed, not 
recoiling &om a resolution which would have been most dis- 
tressing in a common work ; he felt that his would be im- 
mortal The impression, and consequently, the compilation, 
— for they advanced together, — lasted for fifteen months, and 
the work was published in the month of July 1789. It opens 
by that celebrated Introduction, in which the author anew 
developes, and on this occasion, in their true order, those 
great principles which he had already established in his two 
memoirs of 1773 and 1774. Here, these principles form a 
complete body of doctrine. A study of fifteen years could not 
but have imparted to it lucidity, concateikation, and strength : 
in it we find that the author, by his reflections, by his expe- 
rience, and by his deep meditations, ascends to the very highest 
roles of the art of arrangement, and that he connects this art 
with a new science, — a science which he himself had created, 
— the science of characters. 

Two facts predominate over every idea which relates to the 
nattural method : the one is the very subordination of characters. 
By taking assistance, in turns, from reason and experience, 
M. de JoBsieu determined, ob we have seen, the importance 
of (M^aos from their function ; and, when this function was 
unknown, he determined it from their constancy ; an ingenious 
plan, by which a fact in the valuation, which is often im> 
possible, generaUy difficult, and almost alvniys obscure, at all 
events, in the present state of botanical knowledge, namely, 
the function of an organ, is skiUnlly transformed into this 
other, namely, its eonatanctf, a valuation which is always simple, 
easy, and apparent. The second fundamental fact of the 
natural method is, the adjustment of the characters to the 
groups. In the artificial melkodt, a character is first selected 
out from all the others, and the species are then submitted to 
this character. In the naturai ntethod, the proceeding is the 
very reverae ; the character is submitted to the species. Sys- 
tematic authors deseeod from classes to genera, and from 
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genera to species ; they descend from general to particular. 
But M. de Jussieu completely reverses the proceeding ; A« 
ascends, as lie himself has stated, from particuiart to gew 
rait ; and all the difference between the artificial methods and 
the natural method consiats in this, — ^that the former subject the 
species to the genera, and the genera to the classes; the 
latter, on the contrary, subjects the classes to the genera, and 
the genera to the species ; the former subjects &cts to ideas, 
the latter ideas to fiicts. 

In the new department which the consideration of alliances 
opened op to science, every step of M. de Jussieu excited the 
att^tion of the naturalist ; the secret of his power being the 
route he followed. The example of those families which are 
conspicuously and remarkably natural, constituted his guide 
in those which are less so. He saw in those families which, 
in the eyes of all botanists, are natural, such as the Gra- 
mmeee, the Compontte, the Leguminotce, Umbelliferce, &c., that 
the species were grouped conformably to the eneemble of 
their structnre ; and this was a ray of light to guide his path ; 
every character which, upon application to one of these fami- 
lies broke up the species, required necessarily to be excluded ; 
and hence the first condition of every character was to respect 
the alHanoes of the species, grounded upon the totality of 
their structure. And this calculation of the importance of 
characters, deduced from their relation ta the totality of their 
structure, is the principle upon which the wwk of M. de 
Jussieu is wholly based. The especial object of this work, b 
the distribution of genera into families. Toumefort had pre- 
viously arranged the whole of the species into genera ; Lin- 
Ufeus had conferred upon these primary genera more regu- 
larity and precision ; and what remained to be done was, to 
effect for the groups of a more elevated order,— for the groups 
which had even been omitted in the systems of Toumefort 
and Linnaeus, in a word, for the famiiiet, that which these 
great botanists had done for the genera. 

M. de Jussieu distributed all the genera known at the time 
he wrote, ajuountiDg to nearly 2000, into one hundred /ami- 
Uet. He founded each of these primitive iamilies upon a fixed 
totality of obaraoten, and he denwnstrated that the c(mcnr» 
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rence of character was indupensable ; for each character, ta^ 
ken separately, might appertain to many familie»; it is their 
combination, then, and a combinatioir different in each, T^ich 
alone is the pecaliar character of each fomily, and so consti* 
tutes it. The character of each £unily, therefore, te not 
unique ; nor is it arbitrary, as in the artificial system : this 
character, which »one, hut collective, or a multiphf is the 
assemblage of the characters famished by observations, and 
by facts, as the most constant in each. 

It will be at once perceived, that a light so neW'conld not 
be broi^ht to bear npon all these famUiea and principal 
groups of the vegetable kingdom, without the author review- 
ing the irfiole of these elements, more especially the species, 
the genera, and the character of each genns. Throi^hout 
this immense labour M. de Jusaeu never relaxed ; the quick 
eye of the naturalist everywhere admires that consummate 
experience, that happy tact, and that profound sagacity, 
which probably bad never, previous to this time, in any 
branch of science whatever, been exhibited in an equal de- 
gree. 

Naturalists, as already remarked, had, at a much earlier 
date, perceived that certain families of plants fell into a na- 
tural arrangement. As early as 1672, Morison bad recog- 
nised the principal tnuts of the Umbeiliferce. A few years 
later, Ray attempted a distribntioD of the vegetable kingdom 
upon a much more extensive plan ; and be pointed ont the 
great division of plants into dicotyledonous and monocotyle- 
doQous, and placed the palm in the latter group. Finally, in 
the year 1689, precisely a century before M. de Jussieu, 
Magnol published his work upon the FamiUet deg Plantes. But 
neither Magnol, nor Ray, nor Morison, had prosecuted these 
general views into detail, and, however happy, being scattered 
and unsupported, they came to nothing. 

About the middle of the 18th century, Linnieus, to whom 
Botany was indebted for its nomenclature, its descriptive lan- 
gu^e, and its most precise artificial system, by far the most 
ngorous it ever had, published a series of Orders, or of Natu- 
ral familiet, which amounted, in the year 1738, to sixty-four, 
and which he afterwards redticed to die number of fi%-eight. 



Atttoine-Laitrent Jtuiiev. 17 

These two attempts, however, presented nothing ini»e thaa a 
series of names, without any explication, derelc^meot, or the 
slig^itest indication of the motives which had influenced the 
author, either in the formation or the classification of his &mi- 
lies : it was, as M. de Jussieu remarked, " a kind of problem, 
which Linneeos left to be solved by his successors," but which 
never has been solved. A more complete work, and, as it 
rriatee to Natural /amiiiet, a much more important one, was 
that of Adanstm, published in the year 1763. That feature in 
Adanson which strikes us as the most remarkable, is his charac- 
ter as a Reformer. Even in his first wotk, his Sistoire Xatu- 
reUe du Sinigai, this trut is conspicuous, in which, as it re- 
gards the classification of sHetl-fiik, he altered it from top to 
bottom, and at once placed it upon its true basis, namely, 
upon the contained animals, — ^the shell-fish, of which the 
shells are, iu bet, only the coverings. But his wiginal and 
renovaUng genius appeared stUl more conspicuously in his 
work npim the FamUla dea Plantet. No man more than 
Adanson ever endeavoured to free the science from its syste- 
matic trammels ; no one has more thorou^y demonstrated 
the radical fault of all artificial systems, viz. their being par- 
tial, as founded upon a single part, upon a single organ, 
and that organ arbitrarily selected ; no one, in fine, has more 
distinctly perceived, that the arrangement, to be natural, or, 
in other wwds, complete, must repose upon the univertcdity 
of its parts. What he fiuled in perceiving was the subordi- 
nation of these parts to one another : and the immense in< 
fiuence of prepossession, even iu a mind of his caliber, may 
be seen in the following sentence of Adanson's Report to the 
Academy upon M. de Jussieu's Memoir. " The principles <^M. 
de Jussieu," says Adanson, in an unedited document preserved 
in our archives, " will experience opposition on the part of bo- 
tanists who conceive that, for an arrangement to be natural, it 
must be founded upon all the parts taken together, without 
giving an exclusive preference to one over the rest." Adanson's 
mistake must here be evident to every one. What he objects 
to in the phrase exclimve preference, is precisely the tubortH- 
natum afparU; and, by rejecting the subordination of parts or 
of characters, he thereby also rejects that of groups, at least 
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friiat is most important in diese groups ; he only adnuteylMt^ 
lies, the nomber of irhich he extends to fifty-eight ; he does 
not admit ela»$es, — ^he perceives not, tliat comprehension of all 
the groups into one another, irom the first to the last, from the 
species even to the kingdom, and that graduated generaliza- 
tion which from species ascends to genera, from genera to fa- 
milies, from families to classes, from classes to a kJogdmn, and 
which, under another point of view, that is to say, an abstract 
one, is the whole of arrangement, — ^this gTaduat«d generalizar 
tion, we repeat, completely escaped him. 

The individuAl from whom M. de Jussieu rea^>ed most ad- 
vantage m the compilation of his work, was his uncle Bernard ; 
whilst it is also true that the Catalogue, like LinuKus' table of 
orderg, was only a series of names. The principles, however, 
v/idch guided Bernard in his Catalogue, both in the formation 
of families, and the reduction of families into classes, have 
been faithfully preserved by his nephew, and they are those 
of which the exposition has been given above, — the subordi- 
nation of the characters among themselves, and the adjust- 
ment of these characters to the groups. 

Bernard, therefore, had thus the honour of laying the foun- 
dation of the Natural Order, because he caught the princi- 
ples upon which this order is founded. But, on the one hand* 
he confined himself to the application of these principles, 
without at ail develt^ing them, and probably without even 
eliminating the theory ; and, on the other hand, even when 
be applied it, he restricted himself to a series of names. 
There is nothing in Bernard, either of that philosophy of ar- 
rangement which has discovered a new horizon for the natural 
sciences, or of that matured selection of characters which, 
differently grouped, supply whole families ; and these are 
truly the two unchangeable claims upon which rest the me- 
rits of M. de Jusdeu. No one will, we trust, suspect us of 
wishing to exalt the one of these celebrated men at the ex- 
pense of the othw. Bernard is the discoverer, and he made 
the first advances on the path : and if his nephew has gone 
farther than he did, it is because he started from that advanced 
pomtion to which his uncle had led him. It is the truth only 
that we here seek, and this solely in the study of their thooghti^ 



and H •i^>eaT8 to as, that the peculiar characters of llidir re- 
spectiTe geniuses may here be unravelled aud distinguished 
b; dis^ict traits. Bernard, by the power of an acute percep- 
tion, recognised the printnples of the natural order, but he 
discovered them without explaining them, and much more for 
his individu^ guidance than for the advantage of others. Lau- 
rent gAnped them, e^>emlly when explaining them and 
making them familiny to others. These principles, if I may 
so q>eak, gprni^ op in the one, and were matured in the 
other ; the one discovered them, tlie other propounded them ; 
in a word, the one is that earlier ^e in which genius descried 
them, and the other that later age in which genius drew de- 
ductions from what had been discovered ; and there is between 
M. de JuBBieu and his uncle, — ^between their laboora, their 
methods, and the impress of their thoughts, — all the difference 
which exists between these two ages. 

If, after thus contrasting the work of M. de Jussieu with 
what had been done previous to its appearance, we compare 
it with what has followed, its position will remain not less 
singular. We have seen that the author establi^ed one hun- 
dred primitive families, and not one of these families has 
been suppressed, whilst more than the half of them have not 
undergone the slightest modification. Three of them have 
been carried over, and entirely, into neighbouring groups ; 
which, however, is nothing more than a dtSerent mode of as- 
sociation. The Quyority of the others, as a natural result of 
the immense number of new species which have been collected 
within the last half century, have been necessarily subdivided 
and separated, but almost the whole of them precisely into 
those sections and groups which M. de Jussieu himself had 
indicated. Finally, there have been five, and five only, which 
have been found only partially to be natural. The errors, 
therefore, are connected only wi^ some fragments of &jnilies, 
— with scmLe scattered genera ; and, even as it regards them, 
there usually occurs some note, or other indication, some query, 
which directs the eye towards the truth, and in a way which 
the most wonderful sagacity only could at the time percdve^ 
so few were the elements which the author then had at his 
diqiosal, and so many new ones, it was neceesary fiur him to 



20 M. Flourens' Historical Elo^e of 

collect for the complete and satisfactory eBtablisbment of the 

truth. 

If it be now inquired what is the pecoliar m^t attached, 
I may say, to every pt^ of this Trork, by which it is so stri- 
kingly distinguished from all those which had prefviouBly ap- 
peared in an investigation so vast, and which had be^ so 
oftea ODdertaken, it will not be difficult to answer, that tltis 
merit consists especially in that continual preoiaktn in detaiU, 
which arranges each part in its true place ;— which, not con- 
fining itself to the chief results which are rapidly perceived in 
every genus, neglects none of those truths, in all the orders^ 
upon which the results are based ; a merit which is altogether 
essential in a study in which every one of the facts is neces- 
sary, — ^in which one cannot be supplied by another, and in 
which all are nearly of equal difBculty of acquisition, — a merit 
of the rarest character, and which well explains the profound 
expression of Buffon, that patience, that is to say, eonstaosy 
in great efibrts, is genius. 

M. de Jussieu has been censured, and not without reason, 
on account of the arrangement of some of his classes being 
based upon the form of the corolla. This is, in truth, the vul- 
nerable part of his Method, and he was himself perfectly con- 
scions of it " These classes," he remarks, " have this defect, 
that the allowance of some exceptions is necessary to their ex- 
istence." He adds, that, viewing the arrangement with the 
severe glance of science, and not as a matter of convenience, 
it would be necessary to confine ourselves to the only invari- 
able character, namely, the loheg of the embryo, and the inser- 
tion of the atamena. And, in proportion aa the number of species 
has gradually increased, it has mxa% decideilly been ascertained 
that this last character, taken from the insertion of the sta- 
mens, is the only one which does not vary, and which, tbere- 
fbre, ought not to be excluded in the formation of the cha- 
racter of the classes. In the same way, oar continued pro- 
gress leads also to the establishment of the great division) 
which is founded upon the lobes of the embryo. M. Desfbn- 
taines, by a singularly beautifiil discovery in vegetable ana- 
tomy, has demonstrated, that the relations drawn from the 
(wgaas of vegetation, in this division, every where correspond 
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with the alliances drawn irom the organs of fructification. 
We may even say that this striking confirmation, obtained 
from the straoture of the stem, places the first three groups 
of die T^etable kingdom in qoite a distinguished rank, which 
does not so accurately belong to the common name of data, 
given by M. de Jnssiea alike to tiiese three groups, and to the 
others which immediately succeed. These first three may in- 
deed be compared to the four great poriib (embrancheTjienU), 
▼ertebrata, moUusca, &c., which Baron Cavier established in 
Ae animal kingdom, and under which are ranged, at a certain 
distance, the Classes properly so called ; an arrangement 
which it will probably be expedient to adopt in both the king- 
doms, and to designate by a peculiar and determinate ^>pella- 
tion. 

The question here occurs, How are we to fill np the inter- 
val which separates these three primary groups of the vege- 
table kingdom from Uie simple familiet, without admitting 
between these groups and the families any thing that is arbi- 
trary or artificial? And here, agun, M. de Jossien has the 
merit of having traced the method of association, frequently 
indicated in bis work, between the several families ; a charac- 
ter which was clearly seen, and distinctly expressed, by Mr 
Robot Brown. " The real problem," says this excellent bo- 
tanist, " is to combine the fiunilies into more considerable and 
equally natural groups." And this problem has, in truth, 
been already solved in a certun number of cases by Mr Brown 
himself, and, when solved in the whole, it will yield the only 
valuable general classification. 

Whfm M. de Jussieu pablished his work, he was, without 
^dispute, the first naturalist of his day. Nevertheless, we are 
not to imagine that this work had, from the commencement, 
all the reputation which it has subsequently acquired. It ap- 
peared in t^e year 1789, in the midst of that great revolution, 
which opened to France the portals of its new desdny, and 
hence it was scarcely to be expected, that a revolution in the 
humble science of botany would attract very peculiar atten- 
tim. This work, moreover, was too much in advance of the 
currently received ideas, to be comprehended vrithout long and 
severe study. It was, therefore, only gradually that the prin- 
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ciples of M. de Jossieu made their -way among natiHttlists, soA 
more especially foreign ones. 

As soon as the new social order established in France per- 
mitted the return to quiet and peaceable studies, a circum- 
stance occurred which suddenly communicated to these prin- 
ciples a new impulse, and an unlooked for influence! A young 
naturalist, who had hitherto been hid in a provincial town, and 
whose discovery, for it was one, and one which has been dis- 
puted among our contemporaries, and in which Mi de Jnssiea 
hacl unquestionably the honour of a share, published two me- 
moirs, in the year 1796, the one upon " The Principles of Ike 
C^asnjication of the Mammalia^ and the other upon " Linneewf' 
C3a»f of WormtT These two memoirs were to Zoology, what 
M. de Jussieu's first two memoirs had previously been to 
Botany ; they completely changed the features of the science ; 
uid from that period, in zoology, as in botany, the words mitm- 
ral arrangement had their full meaning, and natural arrange- 
ment was the arrangement founded upon organisation. 

Cuvier bestowed, long afterwards, and upon a solemn occa- 
sion, a noble tribute upon M. de Jussieu. He distinctly de- 
clared in his Historical Seport upon the progress of the Natu- 
ral Sciences since tJte year 1789, " That the work of M. de 
Jussieu constituted an epoch probably as important m the 
tciences of observation, as the chemistry of Lavoisier did in ex- 
perimental science." I am not, however, sure, that this other 
tribute which the Baron paid him in the first of the memoirs 
above alluded to, is not still more remarkable. " Zoologists," 
he remarked, " had no idea of that calculation of characters, 
of which botanists had clearly recognised the reality, and which 
one of them has so admirably developed in a work, of which 
all the other branches of natural history vrill speedily feel the 
happy influence, although it refers to one of them alone." Here 
we perceive the philosophic chain of advancing science is re- 
knit by new links ; and the efforts of the young Cuvier, for 
the renovation of zoology, are attached to the work, which had 
so much improved botany. 

But zoology presents for the application of the natural me- 
thod, and particularly for the application of the natural arrange- 
ment founded upon reason, a field mnch more extensive than 
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do«e botJtay. In animals, the <»^gans are much more distinct, 
the fdncUons more marked, and, consequently, the snbordina- 
tkm of eharacters more evident. The modifications of the ex- 
ternal orgasfi in them, in a contpicuoua mattner, depend upon 
tbe modifications of the internal oi^ajos ; the brtun, the heart, 
and the lungs, for example, cannot change without the other 
parte, necessarily correlative to these, also changing ; the rea- 
Hu of this strict concordance between all the modifications 
(tf the animal economy is pa^ble, for the principle of the 
n^ort^natiim of organ* becomes in them th< very principle (^ 
tbe eotiditiont t^ the existence ^ beingt. But, in addition, the 
science of characters, by its application to zoology, has assumed, 
a wider and more elevated bearing. Arrangement has per- 
fected itself, by becoming more general, and by extending it- 
s^from one of the kingdoms of organised nature to another; 
■ad thu by the labours of two authors, who, compared to- 
gether, present very distinct traces, whereby the whole is per- 
fected. Juasien pursued a protracted chain of details, with 
onwearied patience and indefatigable sagacity. Cuvier, by 
rapid strides, reached the ultimate consequences, overles^ing 
what was intermediate ; it was the character of the one never 
to be disheartened in experunental observation, the only one, 
in fact, which is applicable to botany ; tutd of the other, to 
seize, at a glance, the natural method, which best suits zoology ; 
toget^r, they supplied a new logical energy to human thought, 
the energy of arrai^ewient, which, consisting in the union of 
objects according to their common qualities, is truly to tbe 
science of observation, what analyeit, <x ihe act of decom- 
posing them into their distinct elements, is to the experimen- 
tal sciences. And in the same way as analysis, originating 
fiton the experiments of Galileo, has gradually passed from 
tbe physical scieacee into the more general science of the 
mderstanding (etUendement), thereby becoming the philotO' 
phiccU anal^sit of Condillac, so the arrangement or method pro- 
duced by the researches of modem naturalists, is about to 
produce aimiltff efiects up<Hi the abstract study of philosophy ; 
and it is only after this has been effected, that general pbilo- 
ec^hy, — the result, not less of the art of eUuttfying idem, 
vriiich has hitherto been neglected,, than of the art of deeotn- 
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poting them, which has long been eednlously prosecuted,— viU 

be perfected. 

M. d« Jossieu publifihed bis work in the year 1789. Al- 
most always shat up in his cabinet dorii:^ years of anceaiung 
labour, he had remained a stranger to the political move- 
ments which were then agitating the whole nation. The last 
iheets were scarcely terminated when he found bimsdf «^ 
pointed, in one of the departments, to the mayoralty of Puis. 
This mayoralty, formerly conudered as but one.office, was 
now divided, as is well known, into many departments, tuid 
that of the superintendeDce of the hospitals' fell to M. dc 
Jussien. It was upon this occasion that he published his Be- 
porla upon the Motpiiala of Paris; — a species of labour highly 
calculated to render science respectable; tud in which the 
author had been hitherto preceded only by one member of this 
Academy, whose remembrance will nevw cease to be admired 
by mankind, I mean Bailly, alike illustrious and unfortunate. 
In the year 1793, the Jardin d«s Flantet received a new ao- 
ganization, and took the title of the MuMum d'Butoire No- 
turtle. Danbenton was its first director, and M. de Jussien 
succeeded him. During these difficult times, Jussien wholly 
devoted himself to the administration of this superb establish- 
ment, to which were closely allied the celebrity of his name, 
and his family recollections. 

■ On the formatioD of the ItuHtutty he naturally became a 
member. He was one of the first Presidents of the New Aca- 
demy of Sciences ; and he was Vice-Preradent of the year 
which was distinguished by having Nt^leon for President 

In the year 1804, the chair of the Materia Medica of the 
Medical Faculty having become vacant by the death of Peyrilhe, 
Jussien offered himself as a candidate, and all other applicants 
immediately retired. On becoming professor, he took, us the 
foundation of his lectures, the fertile principle of the agree 
ment of the pn^rtiea of plants with their botanical affinities ; 
a principle which he had pointed out at an early period of his 
career ; and a new ^>pIication of the natural method, perhaps 
of all others the most proper to extend Has domtun of Materia 
Medica. In the year 1808 he was iq[>pointed a member of the 
Council of the University. 

DcmizedbvGoOglc 
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iDoring the cODclnding half of his life, the most fixed pnr- 
poM of M- de Jus^ea was to bring oat a new edition of bis 
great work. Unfortnnfttely, his bodily energies naturally di- 
minished in proportion as the materials of the science aug- 
mented ; he overtook only a small part of this magnificent 
work, hut the fragments even exhibit an uncommtm profun- 
dity which would hare established the reputation of any other 
individnal. These fragments form a series of memoirs, which, 
from the year 1804 to 1820, and almost uninterruptedly, were 
faMerted in the Atmalet du Muaium, More than a half of the 
aotbcHr's primitcre fiumilies are thwe reviewed ; each of them 
is examined in detail, and in each the genera of which it is 
cbmposed. In the year 1798, M. de Jussleu had not been 
able to avail himself of the great work of Geertner upon FruiU, 
On this occaaicm, he made it the term of comparison, and the 
toncfastone of all the new alliances which suggested themselves. 
In studying the different kinds of com, Gartner had thrown 
the light of anatomy upon that very organ from which M. de 
Jnssirai had derived the chief foundation of his arrangement 
When fq)pUed to the science of relations, the observations of 
M. Gfl^rtner assomed a new and unexpected importance ; M. 
de Josfflcu employed it to shed new light upon the calculation 
of characters, upon the formation of families, and on that art, 
so little known previously in botany, of applying the one to the 
other of those munsprings and resources, viz. anatomy and 
arrangement, on which alone was, henceforward, to depend the 
fhtare progress of the science. 

M. de JuBsieu relaxed from his more severe labour by pub- 
lishing some productions of another kind, but still having 
natural history, or, i^iat expresses the same idea in difl«rent 
words, the JanHn dea PUmlet, for its object. I here allnde 
to his Mimoiret sur le Museum. The Jardin RoytU, originally 
founded under Louis XIII. by an edict of the year 1626, was 
at first nothing more than k garden for medieal plantt. This 
was -at the time its legal title ,- and its museum was nothing 
more than a useftil drug-thop. M. de Juseieu dwells upon the 
insignificant commencement of this drug-shop, which has 
rince become the most magnificent establi^mient devoted to 
the study of nature that is to be foimd in the world. He re- 
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counti tiifi difficulties of every kind wliif^ it had at fint to 
OT«rcome, not forgetting ihe hostility it encountered irom the 
Facutti de Medeeine, ndw e^ecially opposed Chemulry, the 
sabject of one of tbe new chairs connected with the maflenm. 
They contended that it ehatUd not be ta*yht tn Pmria for va- 
rious weighty emuea and eoiuideratiotu, and because it wo* 
prohibited emd censured bji act of PartiametH. M. de Jossiea 
also brtnge within onr notice those iUnstrions men to irhom 
ibis beautiful establishment chiefly owes its ^lendour, as 
Tonmefbrt, IkiTemey, Bernard de Jnssien, Vicq.-d'Axyr, and 
BuffoD. He 8toi^>ed at the great epoch of Bnffon ; and it is a 
cause of uneere regret that he did not advance to the suc- 
ceeding one, which probably was in no degree inferior. In 
this new epoch, Haiiy, unveiling the meiJianisni of the fonna- 
tion of crystals, subjected even the phenomena of nature to 
the laws of cidcalati(»i ; M. de Jnasien subjected to laws of 
another character, namely, to the laws of reasoning grounded 
upon observation, the new existences which were accumulated 
from nearly every quarter of the globe with a profusion here- 
tofore unexampled ; and Cuvier, penetratbig iuto the bowels 
of the efu^h, discovered those generations which had been 
long extinct. He created an art, by which he allied and 
nnited the scattered fragments of these extinct generations, 
and gave them, by the laws of c<Hnparative anatomy alone, 
a new existence, and, as it were, a new life. 

Nor would I forget any of the writings which came from 
M. de Jufisieu's pen. I find tn his Thetis, published in the 
year 1770, the first distinct ideas upon those multiplied ana- 
logies of vegetables and animals, and upon the unity, if I may 
so call it, of the two organic kingdoms ; views which were then 
nearly new, for they had been indicated previously only by 
Pallas ; views as profound as they were new, and which have 
since been so brilliantly developed by Vicq-d'Azyr and by 
Cuvier. The only production of M. de Juasieu which mi^t be 
omitted, and which perhaps ought to be, since it is foreign 
to the subject of natural history, is his Bapport sur le Mag- 
nitieme jinimal, which vras publi^ed in 1784. Nothing in 
this production is associated with those profound and [uractical 
qnettions which were the habitual subjects of the great nato- 
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rtliBt ; and oonBeqoently, we need not hesitate to avow, diat 
nothing is hereto be found which bears the impress of the firm 
md judidOoB mind of the legislator of botany. 

At the period of the Restoration, M. de Juseien was one of 
tiie council of the Unirersity, and of the Ecoie tie Midecirte. 
In the year 1815, the Cotmcil of the Univeraty was rephiced 
by that oi L' Instntction PubHgue, and M. de Jnssien was not 
appointed to this council. Id the year 1822, he was excluded 
from L'Ecole de MMecine, along with Vauqnelin, Chanssier, 
Pinel, Deyeui, Genettes, &c. In 1830, when the injustice 
might otherwise have been repaired, most of these celebrated 
men were dead ; and M. de Jnseieu himself, now eighty-two 
years of age, was too old to resume his place in the facnlty. 
In the year 1826, he resigned his chair in the moseom, m favour 
of his son M. Adrian de Jussien ; and some years afterwards, 
viz. in 1831, he had the happiness of seeing his son beeome a 
member of the Academy. 

Labour, throughout his whole life, had ever been a delight- 
ftd and necessary exercise to M. de Jussieu ; and the whole of 
his time not occnpied by his public duties was spent in his 
study, meditating upon science and arranging his plants. He 
used even to read in the streets. He was always very near- 
raghted, a confimnation for which his family has long been re- 
markable, and, when yet far from being an aged man, he en- 
tirely lost the use of one of his eyes, and, towards the close of 
life, his sight was so weak, that he could neither write nor 
examine any minute object. At this time, being no longer 
able to work himself, he obtained the services of those who 
gave him an acconnt of the works of others ; and all those de> 
Ucate attentions he had so long been in the habit of rendering 
to his uncle Bernard after he became blind, were now repaid 
to himself by one who was still more dear. Problems were 
prepared to him which occupied his mind, constituted like 
Bernard's, for meditation and combination. His information 
was kept full to the level of the most recent discoTeries ; and 
if, among these discoveries, any thing bore upon his ideas of 
characters and arrangement, his botanic instinct, which was 
ever active, instantly seized upon it ; every thing was promptly 
reduced to Hs most simple expression. M. de Jnsmea iSueia 
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digested theM new results with nngular elegance in tlie Latin 
tongue ; and, preparing a second edition of the Introduetion 
of his great work, he was satisfied onlj when he had placed it 
there in ita ^propriate place. 

There has very lately been publisbed, in the ^ttnakt det 
Scieneef NalureiUa, a memoir by M. de Jnssieu. It is his last, 
and the prodnction of an old man of nearly ninety. In it we 
are astonished to perceive to what an advanced age the author 
preserves all the distinct accuracy of his mind ; and still more, 
to find with what power he treats those ideas which were 
first promulgated in the year 1773, then agam in 1774, and 
in 1789, and constantly rehandled since, till they occupied 
his thoughts at the latest hour. And in the midst of all this 
ho in no degree deceived himself. He often repeated, that he 
thus worked only from choice and habit, and not for the in- 
stnictioii of others. On one occasion he very good-faumouredly 
expressed to his secretary his reasons for writing in Latin 
rather than in French. First of all, said he, it occupies some- 
what more of my time, and that is so mupb gained ; and 
secondly, things, which in themselves are very common-place, 
when expressed in a foreign tongue, aastune a less vulgar 
physit^omy. Were I to express my ideas in my mother 
tongue, I should esteem than worth nothing, and could not 
work them out. 

M. de Jussieu lived personally to enjoy a large portion of 
his high reputation, of which he never ceased to assign the 
chief part to his uncle ; and this modest apprehension of his 
own merit found utterance in an expression i^ch I may here 
quote. Some one was complimenting his son in his presence 
for bearing so illnstrious a name : Assuredly, said M. de Jns- 
sieu, the name has been of vast advantage to me. 

Until his last declining years he never failed, when in Paris, 
to attend the meetings of the Academy ; and even when he 
lost his sigSt, and afterwards his hearing too, he still continued 
his attendance. He delighted in the conviction, that he was 
among his brother associates. He was for sixty-three years a 
member of this learned body, and for sixty-^ years a professor 
of the Jardin des Plantet. In the conntry, where, towards the 
end of bis life, he passed a porti<m of the year, his principal plea- 



Antoine-Ltatrmt Jvttitu. 39 

svre was walking. . He stilL Bought for plants ; and though he 
was almost blind, as just stated, yet he chwely examined them 
&X he reOognieed them. When his eyes completely fiiiled he 
endeavoured to distinguish them by the touch, and a discovery 
80 accomplished was regarded as a triumph, for it wat a kind 
of problem, or an enigma, in &ct, a difficulty which waa over- 
come. This characteristic may be clearly recogiused in the 
following words, which I borrow from one of his first memoirs, 
and which give utterance to seotiments wbijh may be most 
appropriately introduced toward the close of this £1<^, since 
the author, in seeking to define, in his own manner, the qua- 
lities of a great botanist, seems to have drawn a portraiture 
of himself: " Any man of genios," says M. de Jussieu, " may 
make systems, and may very them to infinity ; but the natural 
wder will never be the work of any other than a consommate 
botanist, whose patience in examining the minutest details 
equals his genius to dednoe consequences, to- draw conclusions, 
and, in a word, to mi^e botany a science, not (rf memory and 
nomendatore, but a new science, which possesses its combi- 
nations and affinities like diemistry, and its problems like geo- 

The character of M. de Jussieu was developed very early in 
life, and he most steadily mwntained it The severe habits of 
Bernard had given it a precocious maturity. When stUl very 
young, M. de Jussieu received from all those who surrounded 
him, and many of them much his seniors, the warmest esteem, 
mingled with respect. Like his uncle Bernard, be was very 
pious and devout. Though a man of superior genius, and a 
phUosopher of extraordinary celebrity, he knew the secret of 
maintaining a peaceable career ; and he found Hua secret, 
chiefly, in the equanimity of Iub mind. He allowed himself to 
be attacked, in nearly all lai^uages, without responding. He 
used to remark, that, if he were wrong, it was very right he 
dionld be attacked ; and, if right, all attacks would prove 
harmless. 

M. de Jussieu was twice married, first in the year 1779, and 
again in 1791. He had two dau^ters by the former mar- 
riage, and one daughter and a son by the second, a son known 
to ' us all* M. Adrian-de Jussieu, member of this Academy. 
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By a r«niBrka,ble contrast, in the midst of the many'reMm- 
blanoes wliich he had to his uncle, M. de Jussiea lored the 
sweets of society, as Bernard did diose of solitude. His society, 
it is true, was limited almost to his own funily, which, how 
ever, was very namerous. Besides those already named, he 
had almost adopted two nef^ews, and a niece who sufase- 
qaently became his danghter-in-law. By every member of 
this family M. de Juasieu was qait« adored. His second wife 
and his eldest dtbighter especially, tended bim with religioOs 
and affectionate care. In Ihis all the other members partici- 
pated, or, at all eveats, wished to particHpate. On his part, 
agvn, M. de Jussiea had an exhaustless affection for all hii 
relatives. He took particalar delight in gathtfing his grand- 
children round him, in witneeang their amusements, and 
amusing himself with them ; and he fbnnd that his library, at 
least, possessed tiiis virtue, that the figures of flowers and' 
animals with which it abounded often kept them in his com- 
pany for whole hours. He loved young people greatly ; and, 
having enjoyed the privilege of long life, he was no stranger 
to the drawbacks which are attached to this privilege. He 
lost one by one the majority of hb early friends ; in the same 
proportion new generations supplied him with otherg ; and he 
died surrounded by young botanists, whose affection charmed 
him not less than their respect. 

M. de Jussieu became much bent down with increasing 
years, but naturally he was very tail. Hia constitution was 
robust. To his taste for bodily exercise ; ta his habits of active 
mental employment, and which he continued till the last ; and 
to the assiduoos care of every sort with which he was sur- 
rounded, he s4)peared to owe his excellent health, which was 
internqrted only at the close of his life, and then only by some 
slight indispositions. His fatal malady began with s%ht in- 
di^Ktsition ; but speedily, from the obstinate and entire defect 
of action of the digestive Amotions, the worst was ^pre- 
hended, and he died on the 17th day of September 1836, aged 
88 years, 6 months and 6 days. 

FcH- nearly half a century, during which time his great wwk 
has been published, Jussieu's superiority has been undiluted 
by any one; and he saw all the botanists araovd him la- 
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bonring in perfeetiDig his SyBtem. Deaftntunes eonflnned 
it bj his beaatifdl oleerrations apon the structure of stems ; 
Petit- Thooars also ^pUed it with ^gnlar sagadty, as did 
Richard, the ftither of precise and detailed vegetable analysis, 
wliose aostere style is well known, and who, nevertheless, dis- 
tinguishes the author of this arrangement a» thejirti h«iamittof 
Enropt ; whilst all the celebrated botankts who have appeared 
within the last half century, have proclaimed him their mas- 
ter. It has been ^ven to few individuals to exercise such an 
influMice over other men; and to still fewer to be themselves 
witness of it : it is 8 car«er which is probably unique, belong- 
ing equidly to the 18th and the Idth century, and which, in 
time as in honour, is allied with the two greatest events con- 
nected with the natural sciences in these two remarkable cen- 
turies, with the CAemitlry of Lavoisier, which was published 
in the year 1789, the same year with M. de Jussieu's work, so 
closing the 18th oentury ; and with the SechereheM tur Ut 
OtMtmetu Fognles, by George Cuvier, which signalized the 
commencement of the 19th century. 



On the cony)aralive merits of the JRefieeting Microscope of Sir 
David Brewster, and the Catadioptric Enffiscope of Profet' 
tor Amid of Modena ; mth an account of a nem BeJUcting 
Tehicope for Terrestrial Objects. By CnAaLss B. Go- 
RiKO, M. D. Communicated by the Author. 
Sir David Bkswstir, whose various ingenious writings on 
the microscope need no feeble testimony of mine in their favour, 
has, in bis Encyclopsedia Britannica treatise on the microscope, 
mentioned a new construction for reflecting instruments, which 
be seems to consider far superior to any other hitherto invent- 
ed. I am disposed to think, from a consideration of the draw- 
ing he has given of it, that he cannot have been at the trouble 
and expense of trymg it wdl and Jairl^, dse he would have 
found out the necessity of making the small plane metal ^ its 
proper sixe, vix. at least one-half of the (fiamrtw <^the concave 
one. No less can it be if the whole aperture of the concave 
one is to be called into operation. In the wood-engraving in 
Sir David^s trmtiia it is made much ia the mom {woportion u 



82 Dr Goring on SefieeUttg MicroacopeM. 

in an ordinary reflecting telescope, and looks very well Mak- 
ing improvements on optical instruments on paper is a delight- 
ful amuaemeDt ; but it is something like raising troops and re- 
values in the same way. However, when the drawings are trviy 
made upon rather a large tcale, it cannot be denied that mucli 
may be demonstrated by them, no that the cost and trouble of exe- 
cuting things, which cannot possibly turn out to be of any real 
utility in a practical point of view, may thus frequently be 
saved. I have appended to this paper a tolerably true draw- 
ing of a metal of Ti\° of acHng aperture ; it may be supposed 
to be any focal length, for example six-tenths of an inch. The 
Brewsterian and Amician constructions are both shewn in it, 
and speak for themselves as to the portion of the concave me- 
tal which their plane specula respectively obliterate and render 
inert. A A, is the concave ; B, Sir David's' plane minor ; C, 
Amici's, (both made of the amaUett size pos- 
tible, their extreme edges being mfuUope- 
raUont and the object supposed to be close 
to the back of the concave, in the one case 
at £; and to the side of Uie tube in the 
other atD;) FF, are sections of the sides 
r of the tube ; G G, sections of the piece of 
brass applied to the back of the concave to 
fasten it in its place ; e, is the focus of the 
concave, supposed not to have been reflected 
backbytheplaneBto£,oFbythediagona]C 
toD ; the four h'a are dotted lines to express 
the alignmentsofthediagonal metal and the 
^ large {^ne with the common elliptical one. 
It will be found by admeasurement that the large plane blots 
out one-half of the centrical and finest part of the concave, and, 
consequently, one-quarter of the whole of its light I The dia- 
gonal little more than one-quarter of the centrical portion of 
metal, and, cunsequently, not much more than one^xteenth of 
the light. This is according to the drawing, which is made 
exaetlff at fair Jir one conairuction aajbr the other. In prac- 
tice, however, it will be found that as it is necessary to cause 
the pencil to be projected outwwda conaidaral^y m<»« than in 
the said dxtinag^ tie purpote <^ ikewiag opaque t^/eets, both 
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Ae pUau and tke diagonal mutt be made larger than they are re* 
presented, and likewise placed nearer to the concave, which, of 
course, will cause a still larger hiatus or blot in the centre in 
both instrum^tfts. 

S(/i^, Ab the diagonal and plane are both nearer to the eye- 
|nece than the concave, the visual pencil, which consiBts tii the 
image formed by the eye-glass of the concave with a dark spot 
in the centre, formed by the small metal, will in both cases have 
allrger blot in it than is in the ratio of the size of the small 
metal to the large one. Owing to these circumstances, in the 
Amician form it is but just possible to make the image of the 
diagonal one-third of the diameter of the concave, whereas in 
the drawing it is only a little more than one-fourth. The Urge 
plane being nearer to the concave than the diagonal, will not 
cause an augmentation of the size of the blot, in precisely the 
same ratio that the diagonal does ; nevertheless, the uzeof the 
said black speck in the visual pencil will be larger than the 
proportionate aze of the metals, even when adapted for view- 
iug opaque objects, will indicate. 

9c%, There is another circumstance to be considered, highly 
uRftvourable to the Brewsterian couRtruction. It will be re- 
marked that in the Amician form, the pencil of rays from the 
object will only have to pass through the ade of the tube, 
wAtcA M very thin, at D, whereas in Sir David Brewster's it 
must pass through the concave metal, which I have drawn no 
thicker in proportion than in a rejecting telescope ; still it will 
be much thicker than the tube, but I do not think that the concave 
can be to execvted Mr Cuthbert always makes his metals 
■very thick, and also solders a piece of brass at the back of them, 
in order to make sure of his centering and adjustment, and 
also to form a handle by which he may hold them comfortably, 
and /ieel what he wat at when figuring them. Imagine a metal 
of three-tenths of an inch focus, and two-tenths of aperture, 
made as thin in proportion as that of a telescope ! How can it 
be worked F Peo[de have no idea of the delicacy of these things, 
or how easily the figure of a metal oi ordinary thickness is de- 
stroyed. Let lis suppose the artist stuck it with cement to a 
handle to enable him to turn and work it, and had the luck 
afterwiu-ds to detach it without breaking it ; it is as likely as 
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not that if its figure was perfect while he was working it aU 
tttched to tha handle, it would imdergo a change when detached 
ftom it* and he would be compelled to make it of considerable 
thickness at last, to insure the stability of its figure, and its ad- 
juttment whea fixed in the tube. 

Reflecting instruments are proportionally much worse in ttuir 
performance than refractors, if in the least out of adjustm^it ; 
and the adjustment of very small metals to each other is an ope- 
ration of almost inconceivable delicacy. For this purpose, I 
repeat, as well as to form a handle, the piece of brass is soldered 
to their back, and the metal and its support, whicli has a screw 
behind to fix it to the chuck, turned very true together, at the 
same chucking in the lathe in which the figure of the metal 
also is roughly formed, bo that the centering of the metal may 

• The late Mr WUliun ToUey told me the following anecdotes of m»- 
tals: — Ha bad polished a Gregorian metal of five inchea aperture in the 
eveiUDg, cleaned it, and placed it in its tube. He then aJlowed it to stand 
in the open air till he thought it had acquired the temperature of the atmo- 
spbcre, and on trying it, was perfectly delighted Mth its performanee. Ha 
left it out, and the next morning he got up before daylight to try it again, 
and found Uotuof tht poorM Oaagt itaaginaUe ! By Ilmt time it had indni 
come to the temperatiire of the air, and conseiiuently changed its figure 
which it had not, it seems, in Che night before. Sir J. Herschell once told 
me, if I remember rightly, that his large telescopes required fully four hours 
exposiure to oome to the temperature of the air [ they then perform a* well 

Mr Tulley likewise related to me that be woa once engaged a whole week 
in figuring a metal of three inchca aperture and six focus for a dumpy Gre- 
gorian ; when he had suoceeded after infinite trouble, some one burst sud- 
denly into the room where he had been employed on it, malatdf kiekutg At 
itor ejiM. The metal, which was of the best composition and imU amuuM, 
instantly broke into two pieces, apparently from the concussiDn produced 
in the atmosphere of the room, just as windows and mirrors are cracked by 
the fire of artillery. 

Vb Charles Tnlley observed to me ^lat one day be was viewing the nails 
OB the dome of Bt Paul's with a Newtonian t«lesoope plaati i* At ma, and 
the diagonal metal of which was about one-eighth of an inch thick, sol- 
dered to a piece of tube, uAOtutit any tupport at Ae back of Ae Jpewinni ; he 
found, though the figure of the plane was good, that it shewed the said 
nails oval (their heads are round), and distorted the figures of other thin 
proportionally. The rarafoction of the air in the tube of the telescope had 
been sufficient to alter the figure of the plane mirror which the rays of ths 
sun could not get at ; had it been uuide of a solid lump of metal, the eflbc^ 
Mr ToUey «&A, would not have been produced. 
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be petfeotly in uaisoi with its curve or figure, and likewise 
with the tube. Tbug, in the metal mentioned, three-tenths £> 
CUB, and two-tenths aperture, the thickness of the metal and sup- 
pcMt at the back is not usually less than two-tenths of an inch. 
Of all these difficulties in executitm, a mere theorist in the closet 
must of course be supposed ignorant ; but t^ it is abnlutdy 
necessary to make these small metals very thick, and I think it 
will be found so, how can the two metals in Sir David Brew- 
ster's ctmstrucdoo be sufficiently approximated to each other, 
and the size of the plane increased in die requisite proportion 
necessary to enable the instrument to act on an opaque object 
with its full aperture, without rtduciag (he msual pencii to a 
men ring qf light, producing, m consequence, a atrotig nebu&>»itif 
in tie middle of the afield {^view, and making the imtrvmenttu 
dark eu a wo{f8 tnoutk. 

The metal of three-tenths focus, and two-tenths aperture in 
the Amician form, acts perfectly well upon opaque objects, 
either with or without a small silver cup. I do not believe 
that an opaque object will ever be shewn at all by a similar 
speculum in Sir David Brewster's. 

'itkAf, It must be evident, that a tube presented sideways tiK 
wards an object, will allow the light to fall on an opaque body 
placed very near to it ; whereas, the backed a metal of the same 
diameter with the tube, placed at the same distance ftom the 
object, will completely shade it. 

5thb/, A plane metal reflecting at right angles as lu the 
Brewstenan form, can by no means reverberate so much light 
as one at an angle of i5%and it is this circumstance which gives 
the superiority to the Newtonian telescope over the Cassegrat- 
nian and Gregorian forms. 

In a note appended to Sir I). Brewster's critique on my solar 
camera microscope, he is pleased to quiz me rather UDmerdTully 
about my ignorance of the fact, that total axFi-BCTioH takes 
place at an angle of 41° 40' from the surfaces of glass 1 We 
must all live and learn. I shall proceed, therefore, to turn this 
grand and capital discovery to account. First, then, I shall 
substitute a bit of plane glass for the diagonal metal of the 
Amician, (which latter certainly does by no means, any more 
than a nZvered rectangular prism, reflect all the light which 
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fallsuponit). Total beflection will then wke place from the 
diagonal ; now, then, is Sir David's instrument beaten hollow, 
as I suppose he will admit. His double achromatic prism for 
ihe Newtonian telescope, and that for the Amician engiscope, 
to refract the rays outside of the tube, instead of using a plane 
diagonal, must be laid on the shelf ; a bit of plane flint ■ glass 
is a far better thing ; fixtm the Newtonian telescope down to a 
camera obscura, let glass be substituted for diagonal metals, 
looking-glass, and rectangular prisms silvered on the reflecting 
side, — let the Herschelian telescope be abandoned for the New- 
tonian, with a glass diagonal, which will be just as luminous ; 
for the head of the observer in the former will intercept as 
much light as the plane piece of glass. 

Latily, if people are not satisfied of the validity of my objec- 
tions to Sir DaTid''s instrument, — I eaylet Hbe execuUd, and tried 
agwnst an Amician. 

Sir David has recommended the combination of metals, whose 
merits I have just discussed, to form a ^lar reflecting mi- 
croscope, for which purpose, the principle is still less adapted 
than for an engisoope. He, moreover, seems to think aperforat- 
ed metal with an opaque object in its focus, illuminated through 
thehole behind it (which was invented by Mr C.Tulleyr."Jfi- 
Crographia^ p. 40), will make a most capital reBecting solar for 
opaque objects, but I can only say it never did so in my bands.* 

Itismuchtoberegretted,thatSir D.Brewster has not favoured 
us with an account of the celebrated solar microscope, which / 
have been told, was executed under his direction, I think, for 
the University of Edinburgh, and which gave such universal 
satisfaction. This is surely a great sin of omission in his trea- 
tise on the microscope, where I had fully e:ipected to have met 
with it. I cannot help thinking that, when Sir J. Newton in- 
vented his telescope, the idea of causing the cone of rays to be 
returned back by a plane speculum to a hole in the centre of 
the concave metal must have presented itself to his mind, or to 
any nuui''s who thought on the subject, especially as the Gre- 

** Thia seemed to arise firamtbeiUomiiiation being toodiraa a»dgmagio 
tkidtf s for the same reason, I sappose, I never succeeded in getting a good 
image of an ^opaque object in the solar from a lens set in a silver cap ; (i< 
(HiiMfiiatKiM mwC he dUqut, oraUu coufvaop. 
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gorian telescope had, I think, been invented previouely ; but 
he, no doubt, saw instantlj (as any one else must), how far 
preferable it would be to cause the cone to be directed to the 
ade of the tube instead, on account of the small size the diago- 
nal required to effect that purpose, and the greater quantity of 
light -it would reflect Amici reversed Sir L> construction, 
and invented the best reflecting engiscope we ^hall ever pos- 
sess, and the only one that has ever come into use, or is able to 
compete with the refractors now made. Now Sir D. B/s con- 
struction for a microscope nifiy evidently be reversed, and con- 
verted into a telescope of^mall size for terrestrial objects ; and 
it appears to me that such an instrument will he the best ap- 
plication of it, or, at any rate, it will be far better in proportion 
than the microscope. 

Receipt to make a smaU dumpy Reflecting Tdetcopcjur ter- 
restrial objects, k la Goring.— Work a metal of 3 inches aper- 
ture to a parabolic curve for a focus of 9 inches ; it must have a 
hole in its centre Jths of an inch in diameter. Then figure a 
plane one Jtb of an incb in diameter, — ^it might be made larger 
in the first instance, and then have its bad edges turned off 
with a diamond tool ; it will also be advisable to turn a shoul- 
der jth of an inch wide all round this speculum in addition, so 
as to leave its bright surface only f ths of an inch in diameter 
(which is all that comes into operation). The shoulder is to be 
bUcked afterwards, that it may form a black circlet, — the 
image of which, on the visual pencil, is to co-operate with an 
eyehole in excluding false light. Both metals are then to be 
fitted up in a tube about 8 inches long, with the same adjust- 
ments employed in Cassegrain's, as the focus of the instru- 
nicDt will be adjusted in the same manner. When the teles- 
cope is used to view a distant object, the surfaces of the two 
metals will be 7j inches distant from each other. In the next 
place, a slender erecting eye-piece must be made like those used 
fur the smallest spy-gUsses, but having its objective part, or that 
whichforms the secondary image, composed of twodouble cement- 
ed achromaticB jn contact, having Jths of an inch of aperture, and 
iiboutaninch of solar focus, — one triple cementedw^rotaeXK (like 
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tlioGe made by Mr Pritchard), would also do if very perfect.' 
The total length of this eyepiece will be about 6 inches, and il 
should be bo contrived, that its anterior conjugate focus should 
fall at 1 } inch in front of the achromatic glass or glasses. 
The diameter of the tube of this eyepiece must not exceed j 
inch, but its objective end must, Jbr tlte last 1 J inch, be taper- 
ed, so that the diameter, at the termination mkere the achroma- 
tics are, shall be only half an inch. I had neariy forgotten to 
mention, that a stop of the same diameter as the image of the 
large metal formed by the^achromatics, (about f ths of an inch in 
aperture probably), must be placed in the inmde of the tube 
behind the achromatics, and in their focus, for the usual pur- 
pose of keeping out false light The exterior of the said tube 
must be carefully blacked, and it might not be amiss to cut 
the whole of its surface into a screw with a fine tool, to arrest 
and absorb light more effectually. The power of the instru- 
ment will be determined by the depth of the Huyghenian eye- 
glasses attached to the eyepiece, which must have eyeholes like 
those of Gregorian telescopes, very accurately abutted to the 
flze and locality of the visual pencil ; a mark should be made 
on the ade of the tube which holds them, and a corresponding 
one on the exterior one, in order that they may be always in- 
serted exactly in the same place, lest any inaccuracy of turning 
should cause the eyehole to shift a little, and so let in false 
light. The power employed must not, I think, be less than 
thirty times, that is, the visual pencil must not be larger than 
one-tenth of an inch, (which will cause the blot in its centre to 
be somewhat less than one-thirtieth of an inch), otherwise, the 
said blot will be apt to cause a faint luminous spot in the mid- 
dle of the field of view ; the power may range from SO to 60 
to suit diferent states of the atmosphere, and near or distant 
objects,— {on the former, a higher power may generally be us- 
ed than on the latter, because there will be less air to look 
through). It will be necessary to attend to the following cir- 
cumstances in attaching the eyepiece to the instrument. I sup- 

■ The nid aohromiAtict will be abwlatdy indispetiaBble on aoconnt of the 
luge angle of aperture of the eyepiece (about SO*) ; it would have been 
useleaa to have attenptod the oonatraction of a teleeoope of this land with- 
oot them. 



iiizedbv Google 



Dr Goring on B^fieetmg iSeroieopt*. $9 

pofe tile concftve metal to be encloeed in a frame which is to be 
fitted into the tube with a bayonet catch, that it may dheays go 
in exactly into the tame relative potUion ; to the back of this 
frame is to be soldered a tube made truly centrical with it, to 
receive the eye piece, which is (o be passed into it, so as to 
prtgectjbur inches beyond the turface of the parabolic metal «■- 
to the body cf the telescope ; it must be always inserted exactly 
-in the same j^ace relative to its oontainiog tube, and a mark 
must be made on each which must be made to correspond {as 
ID the case of the eye glasses), Jar fear of deranging the eye- 
lioU, which will always be delicate and ticklish in its operation 
in this telescope, being only guarded by the image of (he nar- 
row black circlet which encompasses the small metal. If the 
said circlet should aJ^r all be found inefficient, it may be made 
one-aixteenth of an inch wider, so as to make the entire diame- 
ter of tlie small metal one inch. 

Now, let us observe the manner in which the primary image, 
formed by the concave speculum, is reached by the eyepiece. 
The small metal, the surface of which, placed at IJ inch dis- 
tance from the end of the cone of rays, reverberated by the 
concave speculum, reflects its image to within 6} inches dis- 
tance from the hole in it ;— -the tube of the eyepiece projects 
4inche8,and its focus is 1| inch, Ij -t- 1| + 4 -hU — 9»the 
whole distance to be got over. 

Now, if I am asked whether a Gregorian of the same power 
and aperture would not he superior to this instrument P I 
answer, that it would be superior as to light with any given 
power, in the ratio of what is stopped by the achromatic glass 
or glasses; it will also be without any defects in performance 
which may be occasioned by it or them. Still, however, I con- 
aider that the instrument just described loili have abundance of 
light mlJt ail the power J propose to apply to U, and that the 
eye will never be able to appreciate any diffi^rence in perform- 
ance on terrestrial ob^cts produced by the achromtitics (if 
well executed). But, in compensation, theGregorianconstrucCion 
labours under two great disadvantages ; the first is, it can otdy 
be workedpe^ect to one power, for immediately you alter this one 
power (no matter how), the instrument begins to aberrate. The 
second is, that when made dun^, the difficulty of working its 
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concave to a perfect hyperbolic figure is extreme, and, when 
combined roitft a perfict poKth, taxes human skill to the very 
uttermost ; — the parabola in its curve or contour comes nearer 
to the sphere than the hyperbola, it is therefore more easily 
hit ; let any workman try which will be 6gured first, an hy- 
perbolic metal of 3 inches aperture, and 6 inches focus, or a 
parabolic one of the same diameter and 9 inches focus, yet both 
these metaU wiU make a telescope ^ equal dumpmesay (suppos* 
ing the Gregorian lohave its small metal of 1 inch focus), for the 
metals will be at much the same distance apart. I shall now 
proceed to shew how an excellent trick may be performed with 
the construction I have recommended, which catmot be piaffed 
vnth a Gregorian, because its concave metal is not parabolic 
Take out the erecting eyepiece and close up the hole with a 
plug, remove the round plane, and substitute a diagonal one 
with the necessary adjustment to the side of the tube, and 
there is a little Newtonian sweeper, which will beat any Gre- 
gorian of the same aperture on celestial objects. I concdve 
that both of these constructions will be equally good with any 
power they will bear. The Newtonian, perhaps, will carry 
120 ; of course, the erecting f^epiece may be applied to it also, 
if convenient. I have subjected this instrument to a species of 
trial, by making an exact drawing of it of the full dze, from 
which the dimensions I have given have been taken.* Onpa- 
pevy it seems fea^ble enough to me, yet I am well aware, that 
some unforeseen circumstance may arise in the execution which 
may utterly ruin its performance. 

I must protest against Sir D. Brewster's treatise on the 
microscope, in the Encyclopedia Britannica, as containing any 
accurate account of my writings and doings where it pn^esses 
to do so. I select the following instance as an example. 

In the very first page of the treatise, it is represented in a 
manner which do one, I think, can mistake, that I want to 
quash the word *< Microscope'" attogeiher, and substitute for it 
the term " Engiscope." Nothing can be more incorrect, as any 

* I do not think it worth whilo to ^ve this drawing on a email aeale, bo- 
canse il is so easy to imagioe it. We have only to mako tha convex metal 
of a CBMeKrain plane, and to tbmat a nuall ereotuig eyepiece tliroogfa the 
bole in the concave metal far enough in to meet the image, aii<f Hun it h. 
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vne may sec by consulting the end of that chapter of the 
" Microscopic Illustrations," in which I have discussed the 
pwnt : " iVhelher there U a beH pombU way o/" conttrue^fig 
the mounling, ^c. ^ microscopes." What I really want to do 
is, *' to apply the term ' Engiscope'' to those instruments which 
thew an image of the object under consideraliott (as telescopes 
do), tnitead of the object itself" in order to avoid confusion. 
Th^ nomenclature cf' every science mwit improve as tlu science 
itse^ does ; — we have new terms daily invented in anatomy, 
botany, chemistry, geology, mineralogy, &c. Etc., which are ex- 
tremely indispensable to deline exactly what we talk or write 
about. What prodigious alterations have been made in the 
language of chemistry, for example^ in the last century l in 
another perhaps the terms even now used, may have gone out 
of fashion. Poor microscopic science has been nearly as much 
advanced in proportion of late as any other, and the terms I 
am desirous of introducing into it are the following ;— 

I,ent or magnifiers for an unset glass, or one only framed so 
as to be held in the hand ; if two or three are combined, I call 
ihe combination a compound magnifier, Ssc. 

If the said magnifier is fitted up with a stand, Stc, I call it a 
" Microscope,^ — a Single or Simple one, if the lens is single; 
if two or three are combined, then a " Compottnd Microscope ; 
if the composition is achromatic, then an " Achromatic* Mi- 
croscope,"" or a " Compound Achromatic Microscope," if two or 
three achromatics are combined. I have applied the same 
terms to the solar microscope according to the nature of the 
comiructioii of its optical part ; — thus, one with a single lens 
I term a " Single or Simple Sdar Microscope ;"iif a single 
achromatic lens is used to form the image, ** a Solar Achroma- 
tic ;" if more than one is employed, a " Compound Solar Achro- 
matic,'" &c. &c. ; and if a body anj> EYEGLASsse are aodbd 
TO IT, then I term it a " Solae ENGiscoPK,",for distinction's 
sake, just as in the coses already adduced ; which seems to me 
quite consistent. I have described a solar kngiscofe forming 

• I have frequently inbstitiiled tho word " Aplanatk" for " Aeyromatk," 
ns bcins inor« cxnrraivo of tlic nature of a combination, in vAisA ihrt it no 
irror, either of spbericitv or TCtnuiKibilit)r j agUis maybe ptrfectljr '• ochro- 
iiut)c,"t.(. frecfninicoloar, j«t good ftr nothing, from st^ierival'alMia- 
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an image at the bottom of a sort of camera in the " Microgra- 
pkia," and which, by xkmovinu thk body and EyEOLAssES, 
acts like an ordinary solar, and in this state, of course, I call it 
a " moiar Achbouatic MicaoecopE," because its optical part 
consists of one or more achromatics. combined, acting xnthout 
the aforesaid bodg and eyeglattet, which would make it mag- 
nify too much to form an image on the wall of an apartmral. 

The following is the version of this affair given by Sir D. 
Brewster in a note to hia account of my " Solar Camera Mi- 
croicop^' (as be calls it) at p. IIS. 

" Dr Goring calls this instrument a Solar Engitcope, v^ile 
he gives the name of Solar Microscope to the same instrument, 
when used in a dark room in the common waj. The intro- 
duction of the image into a catnera, becomes thus the reason Jw 
changing a microscope into an engiscope. The word engiseope, 
however appropriate it may be, as a companion to the word 
telescopty is quite inapplicable to any kind of solar micro- 
scope." 

On the Expansive Action of Steam in some of the Pumping 
Engines on the Cornish Mines. By William Jory Hen- 
wood, F. G. S,, Secretary of the Royal Geological Society 
of Cornwall, H. M. Assay-Master of Tin in the Duchy of 
ComwalL* 

The experiments wliich it is my purpose to describe, were 
instituted with a view to the determination of the quantity of 
steam employed, and the mode of its distribution on the work- 
ing-stroke ; the duty performed vrith a given quantity of fuel ; 
and the work accomplished for a certain expense. 

L The quanlily of steam employed, and the mode of its dis- 
tribution on the morkinff-stro/ce, were approximated to by the 
use of an indicator, lent me for the purpose by Robert Were 
Fox, Esq. It consists of a brass cylinder about eleven inches 
long, ajid 1.6 in diameter, open at both ends, and accurately 
fitted vrith a piston, which, when at rest, is retained near the 
middle of the cylinder by a spiral spring, of which one end is 

* Sli^tlf abridged from the seoond Tolnme of the TranaaotioiM of Ae 
InBtitntieii of C&rilEugineeni 
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fcttMdied to the piston, imd the other to the top of the cylin- 
der : the upper extremity of the piston-rod is provided with 
a receptacle for a pencil. A tapered stopcock is fixed on the 
lower end of the cylinder, and is introduced into the grease- 
hole or other aperture in the cylinder-cover of any engbe on 
which the indicator is placed. A light frame of wood, about 
eighteen inches long and four inches wide, is fastened to the 
top of the indicator-cylinder, and in it a small board slides 
horizontally in grooTes. 

Dnring the working-stroke of the engine, a direct motion 
u giTcn to the slider by means of a string which passes over 
a pulley, and is connected with the radios-rod of the parallel 
motion. Its return is effected by the action of a counterpoise 
suspended over a simitar small wheel. On this moveable 
board a piece of paper is firmly secured, and a pencil is placed 
on the top of the piston-rod of the indicator. 

Let us now examine the operation of a single-acting engine, 
and the movements of an indicAt<H' fixed on it 




Every thing being at rest, the piston of the engine at the 
top of the cylinder, and the point of the pencil standing at A, 
steam b admitted from the boiler above the pbton of the en- 
pne ; the piston of the indicator is forced upwards, and the 
line AB is described by the pencil. The engine now begins 
to move, but so slowly that the steam enters from the boiler 
more rapidly than the piston recedesbefore it ; its pressure in 
the cylinder, therefore, still increases, and the piston of the 
indicator continues to rise : but as the working-stroke of the 
engine commences, the slider moves in the direction GF, and 
the compound of the two motions generates the line BC. At 
C the space left by the descent of the piston is exactly filled 
by the steam, which enters from the boiler in the same time ; 
the indicator piston, therefore, does not stir ; but ea the en- 
gine moves, tin dider still advances in the same direction c 
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(GF), and tbe horizontal line C c is produced. The piston 
now acquires speed, whilst the steam (in the boiler having 
expanded) enters the cylinder with diminished velocity, and is 
insufficient to fill the enlarging space and still retain the same 
density : it therefore expands, and the piston of the indicator 
descends, whilst the slider still moves in the same direction, 
and tbe curve cH is delineated. At D tbe steam-valve, 
through which the steam irom the boiler enters the cylinder, 
is closed, but the piston of tbe engine still descends by virtne 
of the elastici^ of the steam already introduced, and of the 
momentum acquired by tbe moving parts of tbe machine. 
Whilst the steam expands, the indicator-piston descends, and 
as the same horizontal motion of the slider still continues, tbe 
parabolic curve DE is made by the pencil 

Tbe equilibrium valve, which connects tbe upper part of 
the cylinder with the lower, is now opened ; and as the steam 
thus presses equally on both sides of tbe piston, the working- 
stroke terminates, and tbe return stroke is made : tbe motion 
of tbe slider is at the same time reversed. 

Bat when this valve is opened, the pipe which connects the 
top of the cylinder with the bottom, and consequently a larger 
space, is open to tbe steam ; and as the slider remains for tbe 
instant stationary, the indicator-piston descends throu^^ tbe 
small vertical line EF. 

The return stroke is effected by the weight of the pump- 
rods alone ; the pressure of the steam contained in the cylin- 
der, therefore, remains nnaltered, the indicator-piston is tm- 
moved, and tbe line FG, described by the [lencil, is perfectly 
horizontal. 

But shortly before the termination of tbe return stroke, the 
equilibrium valve is closed, and the steam in the cylinder not 
being of sufficient elasticity to sustain the load of tbe engine, 
tliat portion of it which is contained between tbe upper sur- 
face of tbe piston and the cylinder-cover is compressed be- 
tween tbem by the ascent of the former, until it is of force 
enough to support that weight ; the return stroke is thus ter- 
minated, and the engine stops an instant or two before it 
commences another working-stroke. This compression of the 
^!eam contained in the upper part of tbe cylinder, forces the 
indicator-piston upward; and the resultant of this gradoal 
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elerration, and of the continued retrograde motion of the 
slider, is the small curved line 6A, the pencil at the end of 
the stroke returning to and standing at A. 

It is evident that the form of the portion ABCcD, which is 
produced during the admission of steam from the boiler on 
the piston, must depend on the load of the engine, its size, 
the dimensions of the steam-valve, the pressure of steam in 
the boiler, and the capacity of the boiler itself, and that it 
will, therefore, vary as these particulars may differ. 

The only case in which J have been able to submit the re- 
sults thus obtained with the indicator to a direct comparison 
with the quantity of water evaporated in U»e boiUt« was at 
Hnel Towan, wh^^ 847.5 cubic feet of water were converted 
into steam. This would give 342,858 feet of steam of a pres- 
sure of 64.1 lb. on the square inch, (or 49.1 lb. on the inch 
above the atmosphere), the mean pressure in the boiler during 
the ezpuiment, or 2,153,647 cubic feet of the pressure of 
10^ lb. on the inch.* The capacity of the cylinder-nozles 
and other parts of the engine which required to be filled with 
steam from the boiler at every stroke, was 355.57 cubic feet,+ 
and the number of strokes made during the observations 7881. 
Therefore, if it were indispensable for the steam on the pis- 
ton, at the termination of the working-stroke, to be of elasti- 
city sufficient to sustain the load of the engine, 2,802,247 cu- 
bic feet (of a pressure of 10.2 lb. on the inch) would have 
been requisite ; whereas but 2,163,647 cubic feet only could 
be obtained firom the quantity of water evaporated. Conse- 
quently, but the 0.768th of the contents of the cylinder, &c., 
could, on an average, have been filled with steam of that 
force ; and the remuning 0.332 of the stroke, must therefore 
have been performed by virtue of the momentum acquired by 
the machine in the early part of the working-stroke. 

11. The duiy performed witk a given quantity o/fuel.~'i\iB 
Mperiments with an object to determining the duty perform- 
ed with a known quantity of juel, were made on Wilson's 

* 10.3 lb. was the load of the en^e per Bqnore inch of the turea of the 
^ton. 
t Brewstcr'a Edinburgji Joumd of Science, 0. S. IX. p. IBO. 



: Google 



46 Mr Henwood om t/te Exptmnnt Action ef Sleam 
engine at Hnel Towan ; en Swan's en^e at Binner Downs 
mine ; uid on Hudson's engine at East Crinnis mine.* Tbese . 
were among the best engines in Cornwall, and they were se-. 
lected on account of tlie very varied circumstances under 
which thej- worked. 

At Huel To'wan, the cylinder with its eorer and boitosa 
were surroonded widi a case or jacket, filled with dense steam 
from the boiler ; and these, with the steam-pipes, nozzles, Sec, 
were covered with saw-dust &om sixteen to twenty inches 
deep. The boilers had a layer of ashes, of about the same 
thickness, placed on them. 

There was no steam-case at Binner Downs, but there were 
small fires on each side of the cylinder, and the flues from 
them were carried spirally round it ; another little fire was 
placed beneath the steam-nozule, from the boiler, and its flue 
was passed over the cylinder-cover ; under the steam-pipe . 
from the boiler was a similar fire, and its smoke was conveyed 
round the pipe for some distance. Such parts of the engine 
as were not enveloped by the flues were surrounded with saw- 
dust,+ and the boilers were covered witii ashes as at Huel 
Towan. 

The engine at East Crinnis had neither steam dot heated 
air passed round it ; but every part which conttuned dense 
steam was surrounded with a very thick covering of saw-dnst, 
and the boilers were protected in a similar manner to those 
of the other engines. 

On all these the indicator was placed ; aud also on Bum's 
engine at Binner Downs, which is enclosed in a similar man- 
ner to Swan's engine on the same mine, already mentioned ; 
and on Trelawny's and Borlase's engines at Huel Vor, both 
which have steam^cases and other coverings like that de- 
scribed at Huel Towan. On the duty of these no experiments 
were made. 

* The wgioeerB were mpectiTelj, Hr Gnwe, Uenn Qregor «iid Tbv 
mas, and H r Sina. 

"h In the progress of m; experiment, the saw-dust on the cylinder-cover 
ignited several times. The influence ezercised on the steam within the 
cylinders, by the media with which the; wet« earrounded, may be disco- 
vered by ui in^ecUon of the ditgranu. (Figi. 4, &c. PI. IV.) 
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Note to TdH« II. 
The fblloiring arc the dimensiona of ttie lieadng sut&ces of the boilers 
of the thiee enemes which were the principal subjects of my experimeBls. _ 
1 add those of Loam'a eogine, on the United Hines (with which I have 
been favoured hy William Francis, Esq., the scientiiic director of that 
extensive mining establishment), as the onlv machine the evaporation in 
which has been publiibed. Bee Mr Lean's Report in the Comieaii Pittf 
ty'tTratuaetioni,' '•'"•'•- 
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Loam's engine, at the United Mines, has the steam cylinder of eighty- 
five inches in diameter, the stroke in it is ten feet, and in the pam|> 7 JI 
feet; the load is about 12 lb. per square inch of the area of the piston, 
and the velocity about 4.8 strokes per minute ; the elasticity of the steam 
employed I am unable to state. From the 2d of March to the 6th of 
August 1836, the duty was about sixty-five milUons of pounds lifted one 
foot, by 100 lb. of coal, and the evaporation by_ the same quantity of fuel 
floT Uie same period was 15.4 cubic feeL This is a sufficient approxima- 
tion to the result which I had five years previously obtained at Huel 
Towan. 

The stroke in the cylinder of Loam's engine is estimated at ten feet ; 
an apparatus is fixed on it for registering the actual space pasted over, 
and the mean for five months was 9.913 feet. 

TABLE III. — (CoKBTANTS.) Dknetuiont qfOu Pump. 
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to the bottom r 
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* The stroke in this pump is bnt b.b feet. 

t This lift took its supply irom the hot-well. 

t No correction has bees applied for tempentnre> amtvr inpuitiM cm- 
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The whole loads of the three engines of which it vmi in- 
tended to ascertain the dnty, were raised perpendicularly, ex- 
cept tlie deepest lift of Wilson's engine at Hael Towan ; and 
diis was inclined to the horizon about 70° ; and was connect- 
ed to the engine-rod hy a chsdn passing over two email wheels 
reqwctively of nine and sixteen inches in diameter. 

The lowest lifts at Huel Towan and East Crinnis were 
lifting pumps, and their loads were raised by the working- 
strokes of their respective engines. All the other pumps 
were forcing pumps (plungers), and their columns were lifited 
during the retura-strokes of the engines by the weight of the 
rods.* 

At Huel Towan, firom the surface to a depth of aboat 634 
feet, the connecting rods were fourteen inches square ; and 
from that place downward they extended about 300 feet, and 
were twelve inches square. They were kept in their places 
by thirteen sets of guides, which exposed a surface of about 
53.6 square feett 

From the surface to 396 feet deep in Binner Downs, the 
rods were fourteen incfies square ; and from thence down- 
ward, there were about 258 feet of twelve-inch rods ; these 
were also retained by thirteen sets of stays, having an area of 
about 35.6 feet. 

The rods, from the surface to 470 feet deep in East Crinnis, 
were fifteen inches square, and thence about 200 feet deeper 
they were twelve inches : eleven sets of stays retained them 
in their places, and exposed a sur&ce of about 38.8 feet 

Where the rods touch the staysfthey are protected by thin ' 



tuned ID tbe v&ter. At Huel Tomn I found, hy evaporation, tluit about 
360 grains were contained in a cubic foot. The temperature is higher as 
we descend ; which adds to the already abundant evidence of the great 
heat prevailing in the interior of the earth. 

* The rods «k ninallj very much heavier than tbe column of water, and 
a counterpoise ii applied to balance some part of their weight : such was 
tbe case in all the engines here mentioned. 

t The lengths of the lifit and of tbe rods do not cwncide, because the for' 
mer overlap each other in every case, in order that the higher pumps may 
diaw out of the same dstems into which the lower empty ; and because tba 
rods which t«ko the difierent lift$ are also doubled at tbe ft»-cf. 

VOL. XXVII. KO. Liii. — iVi.t 1839. n,-, , 
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plaoks of some hard wood, which are always well oovwed with 
grease ; they seldom fit very accurately. 

TABLE iy.-~DuratUm iff the ExperimetUi, number qfStnAei made, 
MaUriaU oonmmtd, i^. 
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The engiaes were taken without any previous preparation, 
and they were worked without intermission, at a speed just 
sufficient to keep the mines clear from water ; but without 
permitting the pumps to draw air (go in fork). The work- 
men exercised their own discretion in the mode of working ; 
for I purposely abstained from any other interference with 
them than was suffident to satisfy myself that every thing 
was exposed to my notice, and fiurly and honestly performed. 

The results will appear in 
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* These numbers are on the asanruption that each pump delivers the fiill 
computed quantity ; but ia an experiment at Hnel Towan, made bj Sir 
John Reauie and myself, the actual compared witk the calculated delivery 
wM a« 0.921 to unity. 1 hare repeated the oompatison &t the fame place, 
-with a •inular resntt.; 
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III. The work aceeti^Hahed for a certain expend.— The 
foregoing details supply ail that is requisite for this inquiry, 
except the prices of the materials consumed ; these were coal, 
at the rate of forty-one shillings for 73 measured bushels ;* 
grease, forty-five shillings and sixpence per 112 lb. ; and oil, 
fonr shillings and twopence per gallon ; at which rates tlw 
results were by 

Hnel Towan, Wilson's engine, 1085 tons ; 

Binner Downs, Swan's engine, 1006 tons ; 

East Crinnis, Hudson's engine, 870 tons ; 
lifted one foot hi^ for the expense of one &rthing. 

As supplementary to the general object of the first part of 
this inquiry, it may be osefnl to compare the maxima of pres- 
sures yrincii obtain in the cyUnders, with known elasUcities in 
the biulers ; the loads of the engines remaining onchanged. 

TABLE Vl.-^lMtd qfEnghtet, and ralatitK pnuunt qfSttaminIke 
Boilav and CgHndnv. 
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Many subjects which are yet undetermined hare pressed 
on my attention during these experiments ; among which, the 
steam-cage tmd air-pump are not the least important. 

If any condensation take place in the case, when protected 
JTom the influence of the external air, it must be by radiation 
to the rarer steam within the cylinder. Now, such influence, 
if exerted during at least two-thirds of every stroke, t would 



* The bnsW meaeiire with a heaped luad U the same which was uMd 
in Hr Watt's time, TaiTing only u presoribed hy law. 

t All the preesoree meotioned thronghout tfaia paper are absolnt<^ aad 
ae if acting against a vaconm. 

t See TabU IT. 
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not only not inci-ease the force of the engine by adding to tlie 
elasticity of the steam, but would render requisite the injec- 
tion of a larger quantity of cold water into the condenser to 
effect condensation, and thereby add to the burden of the air- 
pump.* 

There must be a point at which the reastauce of vs^ur 
not abstracted, to the descent of the piston, fuid the pressure 
of the atmosphere on the air-pump whilst dischai^ing its load, 
are at a minimum. Beyond this, if it be attempted to reduce 
the force of the vapour, by injecting more cold water, the 
burden of the air-pump is increased by the exposure of its 
piston to the atmosphere for a longer time during its dis- 
charge ; whilst, on the other hand, if it be sought to lessen 
the duration of atmospheric pressure on the air-pump, by di- 
minishing the quantity of cold water introduced into the con- 
denser, the increased elasticity of the unabstracted vapour 
ofiers a greater resistance to the descent of the piston.t 

This subject presents many inviting topics of inquiry ; but 
the pursuit of them, and the earlier preparation of the details^ 
which I have now the honour to submit to the Institution, 
have been prevented by more pressing occupations. 

4 Cl&sbvcb Street, Penzance, 
Amgtut SO. 1687- 



On JFater-Spouls. By Hans CHaisTixM CErsted, Professor 
of Natural Philosophy in the University of Copenhagen. 

All naturalists, except those who have themselves proposed 
an explanation of the water-spout,§ are agreed in thinking 
that science has hitherto given us hut little satisfactory infor- 
mation on the phenomenon. This may, in some measure, 

' Brewster's Edinbargb Joomal of Science, O. S. IX, p. 102. 

t Ibid. X. p. 40. 

t A. short notice of these experiments appeared in Bretrster'a Edinburgli 
Journal of Science, N. S. VI. p. 246. 

9 As we have no English term exactly eqoivalent to the German Wdter- 
Mvb, we har« employed the name of imter-^oiU in its place, throoghout the 
present Rrlicle.— Ed . 
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long continue to be the case, if we desire a perfect explana- 
tion of the first change in our atmosphere by means of which 
a water-spout is cansed. It appears, that, owing to the over- 
strained regard paid to this higher demand, which must so 
oflen be left unsatisfied, the simpler but yet fruitfiil labour 
has been neglected, of bringing together the remarkable appear- 
ances with which observations on the subject have furnished 
ns, and by this means ascending gradually from the effect to 
the proximate cause, until at last we may perhaps succeed 
in ascertaining clearly the bearings of the whole matter, al- 
though, at the same time, much, in reference to the ulHmale 
cause, may still remain wanting to satisfy our desire of in- 
formation. It appears to me, that, by following this less am- 
bitious course, we may advance nearly as far in our knowledge 
of water-spouts as we have done in respect to thunder-storms, 
wind, rain, and many other natural phenomena ; inasmuch as 
we can probably specify with tolerable certainty the power by 
which they are produced, although we cannot accurately de- 
termine all the circumstances connected with the principles 
by which the action is cansed at a given place with a given 
degree of intensity. 

I have collected the chief features for my description of the 
phenomenon, from niuneroue scattered descriptions, for which 
we are indebted to observers indifferent ages and in different 
(jnarters of the globe ; and I venture to hope that the com- 
bination of facta thus elicited will keep us free from many 
errors, in which most of those have been involved, who have 
hitherto endeavoured to explain water-spouts. It is quite 
possible that I may have overlooked circumstances which 
would tend to explain the subject, or that I may have misun- 
derstood some of the facts contained in the descriptions ; but 
this can easily be remedied by the obliging communications 
of others, whenever we possess a general analysis of the facts. 

General Nature of H^aier-Spouts. — The water-spont is a 
strongly agitated mass of lur, which moves over the surface of 
the earth, and revolves on an axis, of which one extremity is 
on the earth and the other in a cloud. From this cloud a 
continuation proceeds downwards, which forms the upper por- 
tion of the nater-spoat ; while the lower portion, besides air, 
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oonsists sometimes of water, sometimes of solid portione, ac- 
cording as the water-apoiK passes over land or over water. 
Some have separated wate)>spoats over the land and over the 
water from each other, but this creates coniusion, for water- 
spouts have been observed which were formed over water and 
advanced over land ; and vice versa we have accounts of water- 
spouts which were formed over land, and afterwards were 
suspended over the surface of water. They have also been 
seen cutting right across a river, and then continuing their 
course over the land ; or crossing straight over an island) 
and then proceeding over the sea. The hitherto generally 
employed term matterhoae (water-spout) seems to me to be 
not altogether a correct one, and I have therefore made use 
of the less common one " wetler$aul^' (literally storm-pillar), 
although perh^>8 the name wirbeltaule (whirl-pillar) or It^t- 
tvirbel (whirlwind, air-whirl or vortex) might be equally ap- 
propriate. 

Form of the Waler-Spout. — The uppermt^ portion is al- 
most alwaf^ wider above than below ; and has sometimes the 
form of an inverted cone, sometimes of a ftinnel, and some- 
times of a somewhat twisted horn. The middle porUon is 
commonly much narrower, is frequently bent, and sometimes 
exhibits opposite shmosities. The lower portion is ^parent^ 
ly mach widened, but probably only apparently so, owing to 
the portions of water and earth hurled round itself by the 
vortex. Occasionally water-spouts present expansions or con- 
tractions, bnt these instances are only exceptions &om the 
general rule. Generally there is only one water-spout sus- 
pended from one cloud, and it is only now and then that there 
are several ; on one occasion no less than fourteen were no- 
ticed, all of which seemed to belong to one and the same cloud. 
Dimeiitiotu of JFater-Spouta. — The height of water-spouts has 
been very variously estimated. I have been able to meet with 
no actual measurements, and have only seen accounts found- 
ed on mere calculations by the eye. A height of from 1500 to 
2O00 feet has been assigned to most water-spouts ; but some 
have been seen at such distances, that the height cannot have 
been less than from 6000 to 6000 feet. Some observers have 
given a very low estimate of the height, redncii^ it even to 
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30 feet ; bat, in sucb cases, the lower part of the pillar has 
been undoubtedly mistaken for the whole. This might easily 
happen to a person who was not possessed of proper informs^ 
tion regarding the phenomenon ; for, when a water-spout be- 
gins to be formed, especially over water, there is often seen 
a pillar of water or of drops of water, rising from the surface' 
without a particular connection with a cloud being obserrar 
ble ; but this connection is to be found, if it is sought for, and 
supposing we do not imagine that the cloud must necessarily 
be perpendicularly above the water-spoat. Should such a 
water-spout in the act of formation be aiterwards interrupted 
in its development, its base might easily be mistaken for the 
whole. It is apparent from all the circumstantial accounts 
we possess of water-spouts, that their upper portion is a 
cloud. 

The diameter of water-spouts is very various. The lower 
portion has generally a diameter of some hundred sometimes 
above a thousand feet, but often much less. The vor- 
tex of drops or solid particles which the water-spout whirls 
along with it, has, however, been sometimes included in the 
mass forming the lower portion. But those cases are to be 
regarded as exceptions, where the diameter of water-spouts 
has been measured by the hollows they Ifeive formed in the 
earth, which afford a much less considerable size. The dia- 
meter of the middle portion is often estimated at only a few 
feet, but this has chiefly been by inexperienced observers. It 
will be made probable from what is to follow, that the middle 
portion of the water-spout is surrounded by a whirlwind, 
which does not allow of observation, owing to its containing 
no opaque particles. 

Coiour and Transparency of Water- Spcutt. — The colour most 
frequently assigned to water-spouts is grey, dark blue, also 
dark brown, and fire-red ; from which it would seem that the 
colours are the same which the clouds assume in their diffe- 
rent states of illumination. 

The middle portion of water-spouts is often tranq>arent, 
but this holds good only in those which occur over water. 
One water-spout was noticed whose middle portion was 
opaque while it traversed the land, but became transparent 
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when it proceeded over a river. The traDeparency of tlus 
portion at sea has sometimes been observed to so great an 
extent, as to allow of tbose clouds being seen throng it which 
were lighted up by the sun. When an opaque water-spout 
begins to become feeble, the cloud-like portions, which had 
descended into it, retire, and as the drops of water, the foam, 
the dust, &c. which caused the opacity, are no longer driven 
upwards to so great a height, the middle portion becomes 
transparent 

Duration and MovemenU of Water-Spouti. — Water-spouts 
generally last longer the larger tibey are ; but they rarely 
continue for half an hour, and there is hardly one example 
of an hour's duration. 

Water-spouts seldom, if ever, remain the whole time at one 
place. There is great inconstancy in their rapidity and di- 
rection. They sometimes have so great a rapidity as to move 
seven or eight German miles (thirty-two to thirty-seven Eng- 
lish miles) in an hour ; at other times they advance so slowly, 
that pedestrians can eafdly follow them, and occasionally they 
remain quite stationary for a time. Their course is sometimes 
quite straight for a long distance, but not unfrequently it is 
interrupted ; in some instances it is zig-zag. Their course, 
however, has for We most part a principal direction or bear- 
ing. It has been asserted that the direction of water-spouts 
is most frequently from south-west to north-east, and certainly 
the data hitherto collected go to confirm this opinion. 

Water-spouts do not remain uniformly at the surfiwe of the 
earth, but alternately rise and fall *, and hence we see, that, 
during their progress, they have in some places, torn up trees 
by the roots, in others, only torn away the u[^er portions, 
and that at some points they have not touched them at all 
This alternate rising and sinking often becomes very evident 
when a wat«r-spoat traverses a plain or the sea. 

The circular rapidity of water-spouts is also very variable, 
for frequently the eye can hardly follow it, while at other 
times their motion is not so violent Almost all observers 
expressly mention this circular movement, and I do not find 
that it« existence is contradicted by any who have themselves 
seen the phenomenon. It is true that two American natvnU- 
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ists, who examined the traces left by a destmctiTe water- 
spout, declared that these traces exhibited no circular move- 
ment, whereas Professor Hare mentions that there was an in- 
dication of rotatory motion on a chimney. We shall see, how- 
ever, in the prosecution of our investigation, that the lower 
part of the water-spout has no circular movement, so long as 
it does not touch the ground. 

There has also been noticed an ascending and a descending 
movement in water-spouts, the one being, of course, nearer 
the middle than the other. In respect to the directions ob- 
served, there prevail some apparent contradictions, hut these 
will be explained in the sequel. 

Many observers have distinctly seen windings like those of 
a screw ; and, not unfreqnently, some of these spiral windings 
are turned right and some of them left, one winding being 
nearer the middle than the other. Friedrich Rabe, who ob- 
served a water-spout in Laaland, saw straw, leaves, and other 
light objects, raised in spiral windings without the waters- 
spout. 

Power of Waler-SpouU. — The power with which water- 
spouts act is often very great. They have been known to 
move heavy cannons, and to tear up large tr«es by their roots. 
A water-spout has been seen to transport alargetree toadis- 
tance of 600 feet. They sometimes nnroof houses, nay, even 
overthrow the houses themselves. Beams employed in the 
support of rooft, have been carried to a distance of 1400 feet ; 
and entire honses, composed of wood, have been raised up 
and removed to new positions. On one occasion, a water- 
spout was seen to roll np moist linen on a bleaching ground, 
and to transport it, together with a beam accidentally enve- 
loped in it, the whole weighing upwards of 500 pounds, over 
a house forty feet high, and to a distance of 150 feet. Objects 
of little weight are carried to very great distances j thus, a 
water<spout has been known to transport a sewing-bag about 
seven English miles, and a letter upwards of twenty English 
miles. A fish-pond has been emptied by a water-spoat, and 
the fish scattered round its margin. On Christiansoe, a water- 
q>out emptied the harbour to such an extent, that the greater 
portion of the bottom was uncovered. But the action is not 
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always so violeut. They h&Te occasionally passed over small 
vessels without doing them much harm. On luid, men have 
been carried op by them, and yet let down agun unbanned. 
An indtvidnal, who had the curiosity and boldness to follow 
a water-spout, wba involved in one of its spiral windings, but 
escaped without injury. 

It is probable that, in some of the cases, where a fall of 
seeds, animals, and other similar objects from the atmos- 
phere, has been noticed, the phenomenon is to be ascribed to 
water-spouts. 

The examples already given prove clearly tbat there is an 
elevating power in water-spoata, and it could be easy to mul- 
tiply them to a great extent, if we had not, at another part of 
this essay, to adduce many similar ones for other reasons. I 
shall here notice only one other instance, which is of conse- 
quence, from the care with which it was observed. On the 
19th June 1835, a great water-spout passed over New Bruns- 
wick in North America. Three days afterwards, its effects 
were carefully investigated by three scientific men, and more 
especially with reference to the direction of those displays of 
violent action which had been exhibited. Of course, such an 
invest^tion could only discover the direction in the imme- 
diate vicinity of the earth. The water-spout followed a course 
from west to east, and traversed a space of about thirty-five 
English miles in less than fifty minutes. It was found that 
those trees which were overturned in the middle of its course 
or near it, lay with their tops towards the east, so that die 
existence was thus shewn of a current of air having the same 
direction as that taken by the water-spout. On the other 
hand, those trees which bad fallen further out on either side, 
lay, it la true, with their tops toward the east, but not directly 
so, being at the same time turned towards the centre of the 
course of the water-spout. It was also discovered, that at first, 
an opposite direction, viz. from east to west, must have been fol- 
lowed at every place, for rotten and brittle trees, which must 
have been first overthrown, lay under the others, and were 
turned to that direction whence the water-spout came. This 
is easily explained by the supposition that currents of air, 
near the earth's surface, move every where towards the oen- 
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tre of diat plaoe in which the water-spout is for the moment ; 
whence it fbllowB, that, round the anterior half of the latter, 
Btreama of air must occur in which tiie east is the prevalent 
direction, while the western direction is the predominant one 
in the omrents round the posterior lialf. In some places, 
where it appeared that the water-spout had receded for some 
time, and had again descended, it was ascertained, that the 
overturned trees were turned with their summits to a com- 
mon centre. Many circumstances also demonstrated to the 
observers that a rareiaction of the air in the interior of the 
water-spont, and one of great extent, had occurred. Not 
only were ruo6 and the upper coverings of houses removed, 
but even floors were broken up ; a phenomenon not easily ex- 
plained, unless we assume that the pressure of Uie air from 
without had become very rapidly and greatly diminished, so 
that the expansive force of the inclosed air must have ac- 
quired a very considerable preponderance. Many other ef- 
fects of this same water-spout confirm this belief. Walls and 
windows were often thrown or bndcen outwards. In one 
house which had suffered much from the water-spout, a bed- 
cover was pressed into a crack in the wall, and remained as 
firmly fixed as though it had been intentionally thrust into 
it ; a pocket handkerchief likewise wa£ found in a crack of 
the opposite wall. Those objects which had been transported 
by the water-spout, were conveyed to the north side, and to 
a greater or less distance, according to their greater or less 
weight. 

Sound and Smell of Ifaier-Spoutt. — Water-spouts are often 
accompanied by a violent noise, which, for the most part, has 
been compared to the sound of many heavily laden wagons 
moving over a stone pavement, or to the breaking of the 
waves of an a^tated sea against the coast ; but, by some, has 
been stud to resemble the roar of a great waterfall. Besides 
these great noises, a whistling or piping sound has not unfre- 
qnently been heard. 

Water-spouts often leave behind a snlphurons smell, and 
there are examples of a disagreeable smell renuuning along 
the whole tract traversed by them. One individual, however, 
who became involved in a water-spout, perceived no odour. 
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Situatiom and Circumgtances in mhieh Water-SpouU occur. 
— Water-spoutfi do not occur with equal frequeocy in all situa- 
tions. They are more abundant on the sea than on the land ; 
raoTK frequent on coasts than far out at sea, or at a distance 
in tlie interior of the dry land ; and they have been more often 
noticed in warm regions than in cold ones. They seem to 
occur more especially at places where calms frequently alter- 
nate with storms. 

Water-spouts talce place for the most part in still weather, 
and during unsteady winds. In the greater number of in- 
stances, storm-clouds have been remarked in the sky before 
their appearance. Most frequently several occur, either at 
the same time, or immediately after one another ; and often 
there is observed a new one forming where another disap' 
peared a short time previously. 

We seldom read accounts of water-spouts withoat Snding 
also that electrical phenomena were noticed at tlie same time. 
Li^tning is almost never awanting ; thunder is likewise often 
connected with them, and it has been remarked that the 
loud noise which follows water-spouts easily prevents feeble 
peals of thunder from being heard. Now and then, a more 
widely dispersed light has been seen ; so that people imagined 
that the com in the fields was on fire, but afterwards to their 
joyful astonishment found it uninjured. It has been reported 
of one water-spout that fire-balls proceeded from it, of which 
one WHS accompanied by a report like that of a mnsket. 
Probably, however, in this instance, electric sparks caused a 
deception. Frequently, great storms follow the occnrrence of 
water-spouts ; sometimes they preceda them. 

Water-spouts are oiften accompanied by hail ; also by run in 
large drops, either during the period of their occurrence, or 
shortly afterwards. The pressure of the atmosphere has been 
very rarely recorded by those who have described this pheno- 
menon. In my notes I find only one instance of the height of 
the quicksilver in the barometer being mentioned, and this is 
in the observation of a mter-spout which, on the 16th of Jane 
1775, traversed the neighboorhood of the town of En. The 
licight of the barometer for three days had been 28 In. 5 L, 
(= 30.38 English), but fell at 7 o'clock in the moming 2\ L. 
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(=.32 English.) At 8 o'clock the water-spont made its f^ 
pearance, and about iioou the quicknlver had risen to the 
same bright at which it stood in the morning. This result is 
sufficiently remark^le to make us desirous of possessing fur- 
ther observations of a similar nature ; but, as I have already 
said, my notes cont^n no others ; and on referring to the books 
in my posses^fm, 1 have found no information on this subject. 

Formation and Phenomena of tfater-SpouU. — In most ac- 
counts it is stated that water-spouts are formed from above. 
Some observers, however, expressly say that they have seen 
them in the act of being formed from below. Michaud, who, 
in 1789, observed some water-spouts in the harbour of Nice, 
laid much stress on this commencement frcnn the sur&ce of the 
sea ; it will appear, however, from what is to follow, that this 
only seems to be the case, and proceeds from the circumstance 
that the whirl of wind which forms it, so long as it is not im- 
pregnated with vapour or drops of water, is not visible. 

When a water-spout begins to be formed over the sea, there 
is generally to be observed a circular portion of the surface of 
which is nneven, and has a black appearance. Soon after, the 
water is elevated in the form of a pillar, in which a violent in- 
ternal movement is observable, the height being several fa- 
thoms. It foams, and produces drops of water above, which it 
scatters in great quantity on all sides, so that it distinctly ex- 
hibits an ascending and descending course, which moves in pa- 
rabolic curves, Uke spring-water ascending in a slanting durec- 
tion. The internal movement has been compared to boiling, 
and it has been believed- that this idea was confirmed \fy the 
mass of vapour and fog which generally floats above the wa- 
ter-spout. De la Nux, however, who, for forty years, lived in 
the Island of Bourbon, where water-spouts are extremely com- 
mon, maintains that this vapour is only apparent, and that it 
proceeds from the great number of drops of water spurted 
about. He also says, that, in order to be convinced of this, it is 
.only necessary to see the phenomenon in a proper light. It 
would, however, be too bold to assert that this is always the 
case. It is not imposfflble that vapours maybe formed round 
the agitated water, if that water possessed a lower temperature 
than the fur, and thus cooled the moisture contained in it That 
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this takes place, must not be assumed, until the circamstances 

observed dutU give sufficient support to the idea. 

On land, the nature of the phenomenon does not easily allow 
observers to see the begiuDing of the formation of the lowest 
part of a water-spout ; and accordin^j, I find no data on the 
subject in the published descriptions. The upper part is always 
described as proceeding as if from a thick cloud. There is 
often remarked only a very eli^t increase of size of the cloud, 
which, however, is gradnally extended, and presents the 
lengthened funnel-shaped portion. Over the sea, the upper 
part of the water-spout has been seen to stand far from the 
place which lay perpendicularly over the lower portion, until 
its line of union approached more nearly to the perpendicular 
position. 

Both on land and water, there has often been seen, in the 
upper part of a water-spout, a thin streak of vapour which 
seemed to sink downwards from the cloud, and afterwards 
maintained itself in the fully developed water-spout. This is 
most easily observed at sea, when the lower portion is gene- 
rally transparent Such a streak is naturally removed from 
observation when the water-spout is opaque. It was remarked 
on one occasion, that it became visible while a land water- 
spout was crossing a river. 

We can hardly assume that the top of the water-spout is at 
that point, where, to the inattentive eye, it appears to lose 
itself in the clouds. Shortly before the appearance of that 
water-spout which occurred in the neighbourhood of Eu, it wbs 
observed that the clouds separated, and that some went in an 
opposite direction from the rest, a fact which seemed tfl indi- 
cate a consequent turning round. A care^l observer, Holm, 
remarked during a water-spout near Copenhagen, through 
the openings in the lower strata of clouds, a rotatory move- 
ment in those lying above. From the upper portion of the 
water-spout, there proceeded white clouds which had a whirl- 
ing motion like the water-spout itself. 

When the dissolution of the water-spont approaches, the 
middle portion, e£|>ecially that part nearest the earth, becomes 
m<H-e and more transparent. The water-spout generally 
tx-eaks i^ in the middle. The tqtper pcKtton sbrinlu and dis> 
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^tpears in the cloads. It is not probable that the Utter im- 
mediately pass into a state of repose. According to what haa 
been already mentioned regarding the obserrations of Bolm, 
it is evident, tltat the clouds, after all f^pearances of a water- 
spout hare ceased, nevertheless retained a rotatii^ movement. 
It was at the same time remarked, that not only those clouds 
which formed the upper portion of the water-spout, bat also 
the rest at some distance, possessed a circular movement 

On the actual nature of a Water-Spout. — If now, after all 
this, we ask, what a water-spoat really is ; the answer would 
be : it is a n^iirlwind (LuAwirbel). By itself, a water-spout 
IB not more visible than ur itself, but those portions which 
are mixed either with viqtour, drops of water, or solid matter, 
become viuble. 

The source of this vortex is not to be sought in the lower 
r^ons. Thereisnopeculiarityoftheearth'scrustwithwhich 
tiie phenomenon of water-spouts seems to be connected ; for, 
they occur in countries of the most diversified constitution, 
as, for example, in volcanic, as well as in non-volcanic dis- 
tricts. In the sea also, there seems to be no condition of the 
water or of the bottom, on which their occurrence is depen- 
dent. Just as little can these vortices be produced by the 
winds prevailing at the earth's surface, for they take place 
most frequently in the midst of a serene atmosphere. They 
most, therefwe, have their origin in the upper regions. 

Owing to the circular motion of water-spouts, all the parts 
exhibit a centrifugal action towards the circumference. This 
force is, as is well known, a necessary consequence of the na- 
ture of rototary motion Bat any one even who is not ac- 
quainted with tiie laws of circular motion, can form a per- 
fect idea of this matter, by taking a transparent vessel, as for 
example a fiask, filled with a mixture of sand and water, and 
by some means or other turning it round on a perpendicular 
axis. The heavier portions will then be observed on the oat- 
dde, and the lighter in the middle. Those portions which 
are carried to the greatest distance from the middle, axe at 
the same time carried upwards ; this takes place because the 
agency which drives them ootwards finda a limit at the cit^ 
camfcraioe, v^ch fiwcea the partaclai that are hi motion to 
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ascend, the only direction in which they can yield to the pres- 
sure. We may be easily convinced that this action also takes 
place in the open air, by distributii^ smoke in the air, &om 
8 tobacco pipe for example, and then, at a distance of one 
or two feet, producing a ri^id rotatory movement, when the 
extension of the whirlwind becomes apparent by means of the 
smoke. 

Owing to the rotatory motion, the particles in the middle 
most also have a centrifugal action, and there mosbthas anse 
a great rarefoction of the air at the centre. So long as the 
whirlwind does not reach the earth, the air most ascend, to 
fill up the vacant space which has been left by the particles 
of air proceeding outwards. The air must therefore stream 
in anew from all directions, so that, when it has no particu- 
larly great progressive rapidity, those objects which are car- 
ried round by it must be directed to a common centre ; but 
when the progressive rapidity is great, the influence of both 
forces on the direction most be perceptible. The rotatory 
movement does not affect those currents flowing inwards, in- 
asmuch as it is taken for granted in this case, that the water- 
c^ut, although very near the earth, has not touched it; 
for, in the latter case, the centrifugal force would also drive 
outwards the particles of air near the earth. So long as the 
water-spout does not reach the earth's surface, an ascending 
current must prevail in its interior, which here constitutes the 
elevating power. When it strikes buildings, it may very often 
happen that the inward flowing currents from below become 
either entirely or almost altogether stopped. There thus 
arises a great rare&ction of the ur around and over the build- 
ing, so that the included air must drive the windows and walls 
outwards, and must at the same time fwce upwards roofe, 
and other objects which have air under them. 

A tube of the length formed by the centrifugal force of the 
water-spout canaot be sufficiently filled from below by the 
inward flowing currents. A portion of the cloudy mass must 
hence descend into the vortex. It is naturally the portions 
nearest the middle which are driven with tike greatest foroe 
downwards ; nay, in a certain ' state of matters, the portions 
in sinking vrill be altc^ether stopped by tiie cwktriftigal force> 
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We can easily anderstand from all this the funnel-like shape 
of the upper portion of the water-spoat. On the other hand, 
the great attennation near the middle, may very easily give 
rise to the descending stripes of clood which we so often no- 
tice in water-spouts. If the whirl of ur is immediately over 
the sea, the water must ascend under it, partly owing to the 
rare&ction of the air above it, and partly owing to the air 
Btrearotng in from all sides. Besides, the air contuned in the 
water must get out, and must force itself towards the less filled 
space above, as always happens when the pressure of the at- 
mosphere is diminished over water, and especially when there 
is rapid motion. We therefore find that the water, when the 
whirlwind approaches, rises up, foams, and is agitated.' The 
greater or leas proximity of the vortex must have great in- 
fluence on the extent of the action. 

When the whirlwind comes entirely in contact with the sur* 
face, whether it be on dry land or water, the particles of sdr 
must be sent oatwards by the centrifugal force, and the cur- 
rents towards the spout must consequently cease. The mo- 
tion of the air is also communicated to all easily moved solid 
as well as liquid particles which come in contact with the 
vortex. They thus acquire, not only a movement outwards, 
hut also a movement inwards. This occurs in the following 
manner : The circular motion extends itself downwards, and 
thus throws oatwards towards the circumference, solid parti- 
cles or water, according as the water-spout is over land or 
water ; but, on the direct course outwards, such particles ex- 
perience great resistance from the surrounding mass, so that 
they must ascend as they retire from the middle. This is 
shewn in the excavation left when the water-spout passes over 
loose soil, and also by the uncovering of the bottom when it 
traverses shallow water. It cannot be doubted, that a deepen- 
ing of the sea also takes place, but this cannot be so easily 
observed. 

On water, the combined movements upwards and outwards 
can be seen in great perfection, for, round the foot of the 
water-spout, water is thrown out in parabolic curves ; nay, 
one observer has remarked water round the base in the form 
of a reversed bafdn. Upon the whole, it may be said that the 
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water round the base of the water-spout forms a great wreath 

of elevated water, with a babbling and foaming sorfiuse. 

The particles carried up in the water-spout at the same 
time acquire a spiral motion, owing to the whiriing wMch is 
combined with it. The falling particles, as, for example, drops 
or minute solid sabstances, which, ere the water-spout reach- 
ed the earth, had been driven ' 
upwards, or descending rain-drops 
and hailstones, must also enter 
windings, which, however, cross 
the windings already mentioned ; 
for movements which are ascending and descending, and which 
are directed to one and the same side, must cross each other 
as ab and ed in the accompanying figure. 

Hence there are generally two spiral movements in a 
transparent water-spout, one to the right and another to the 
left 

It has been stud that water-spouts over water are for the 
most part transparent, because they contain water ; but ex- 
perience proves, as well as the very nature of the thing, that 
in the interior there is no connected mass of water. It would 
be more correct to say that water-spouts which come over the 
sea are more rarely opaque, because they can contmn no 
dust, and hence can only be so tar opaque that they include 
nomeroos minute drops, or, what is most usual, a portion of 
the fog-like cloudy mass. We can, therefore, easily under- 
stand why the lower part of the middle portion of a water- 
epont becomes generally transparent at last, viz. because the 
whiriing movement becomes weakened, and the cloud-funnel 
is hence shortened. 

We have seen that the air which is immediately above a 
water-spout, must descend into that portion of it in which the 
air is attenuated, and, therefore, in the vicinity of the axis 
more especially. If now, as we suppose, the whirlwind ex- 
tends upwards, tar above the cloudy mass, in which mere ob- 
servation would assign its commencement, the descending air, 
coming from colder regions, must condense the vapours which 
it meets with on its pMh, and partly produce large drops and 
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pirtly bailitones. We can thus easily imagiiie that the frozen 
particles, during all tiiese moTementB, are Bometimes out of 
contact with warmer and moist air, and also that they are 
i^ain equally often brought back to situations where they meet 
them, so that alternately they become bo much cooled that 
the water by which they are coated becomes ice, or they meet 
moiit ur in which they acquire a new covering of watw. 
Hence large hailstones may be formed, composed of various 
layers, the one including the other. 

All this corresponds in the most remarkable manner with 
the facts observed. Great storms of hail and violent showers 
of rain almost invariably accompany water-spouts. It may, 
perhaps, not be too bold to suppose, that the great falls of 
hail, which so frequently devastate long but narrow tracts of 
fruitful land, are produced by great air-vortices in the higher 
regions of the atmosphere, or, if I may be allowed so to ex- 
press myself, by water-spouts which extend beyond the lower 
strata of clouds. So far as I can judge, no circumstance oc- 
curs during great showers of hail, which does not harmonize 
with this idea. Electricity, which accompanies most hail- 
storms as well as water-spouta, may perlu^s contribute by 
causing a greater variety of movements than those which arise 
from vortices, and thus assisting the formation of bail, so 
that Volta's supposition, that electricity co-operates in pro- 
ducing hiul, here finds an application ; but we should not 
wish to see ourselves forced to assume this co-operation, in 
case the presence of electricity should not shew itself so dis- 
tinctiy in all these formations of hail 

In the axis of water-spouts, and near it, there mt^t also, 
without doubt, be a portion of watery vapour condensed. 
From this source, probably, is derived the rain which talis in 
large drops on ships that encounter water-spouts, and which 
has been found to consist of fresh water. The water-spout 
mentioned above, whose effects were so carefully noticed in 
North America, must also have contained water, as all objects 
it met with were sprinkled with mould on the west, that is 
the side from which it came. 

When moisture is rapidly condensed, electricity is produced, 
and we have an opportunity of observing this soffidently w«U 
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in storms. Hence water-spouts most also be accompanied 
by thunder and lightning. By means of the electricity deve- 
loped in wat«r-spoats, we may, perhi^, explain the power 
by which, as has been occasionally observed, water-spouts 
alternately repel and again attract small cloudy masses. That 
they E^uld be attracted by a different portion from that 
which repelled them, agrees precisely with the natural laws of 
electricity. 

Although we are certain that the formation of water-spouts 
is accompanied by electrical action, yet we are not therefore 
entitled to conclude that electricity b their cause. Distin- 
guished naturalists have expressed this opinion, but without 
explaining the manifold peculiarities of water-spouts. But 
8til), even more recently, it has been attempted to explain 
by t^is cause their rotatory movement, by assuming in them 
the existence of a strong electrical current, which, by means 
of the magnetism of the earth, received its circular move- 
ment. It appears to me, however, that there is much to 
contradict this c^inion. Although we possess the clearest 
proo& of the electrical nature of water-spouts, yet it seems to 
me not at all proved by any of the effects noticed, that they 
contain an actual electrical current. Individuals who have 
been in contact with water-spouts, never felt on electrical 
shock, or should a shock actually have been experienced in 
any instance without our being aware of it, yet there have been 
many cases in which it was not the case, although the hu- 
man body can neither enter nor quit an electric current with- 
out receiving a shock. A decisive argument, in my opinion, 
which can be opposed to such a view, is, that a water-spout, 
whose electricity should he of such a description that the 
magnetism of the earth could communicate a stronger circu- 
lar movement, must act very violently on the magnetic needle ; 
now this has never been noticed in any one of the numerous 
vessels which have been in the vicinity of water-spouts. Even 
though it were to happen that on one occasion the needle 
should be affected by the approach of a water-spout, still this 
would by no means afford sufficiait proof, for such an electric 
current as that assumed to exist by the theory must altvayt 
throw tiie magnetic oeedle into coiudderable agitation. Hence 
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it seems evident to me ttat the electricity of the water-spoot 
as well as that of the thunder-storm, is not the cause but the 
effect of the natural phenomenon. 

The sulphurous smell which has heeu perceived after a 
water-spout, would seem to he of the same nature as that re- 
marked afler a stroke of lightning. 

The sound which so often accompanies a water-spout may 
be produced by the striking together of tlie hailstones ; for 
this must here be very violent, and, on account of Uie proxi- 
mity, much more easily heard than the rattling of more re< 
mote hail-clouds. The hissing noise must occur when ths 
air is streaming into the water-spout from beneath. 

The circumstance that many water-spouts are often sus- 
pended from one cloud must doubtless be explained in this way, 
that the cloud is not simple, hut contains as many vortices aa 
there ai-e water-spouts exhibited. This agrees also with 
Holm's observations made at Stockholm in 1779, when he 
saw several clouds turned round in one vortex. 

It is plain that the whirlwind must not necessarily remain 
perpendicular to the earth. Hence itfollows that it may seem 
as if the upper part of the water-spout did not belong to the 
lower. Should the oblique whirlwind raise itself and ap- 
proach the perpendicular line, it will appear as if the upper 
and under portions were approaching each other. We have 
examples in which the water-spout has formed oval holes in 
the earth. This must naturally have happened when the 
whirlwind deviated from the upright position. 

The direction of water-spouts from south-west to north- 
east, may be ascribed to the circumstance of this wind pre- 
ceding their occurrence. 

Wator-spouts are often bent ; and this most arise from those 
winds which prevail at various heights above the earth, and 
which transport the entire masses of air in which the whirl- 
winds are contuned. There is nothing in such a case to pre- 
vent one whirlwind continuing to act on the other. 

It has been maintained that sharp cannon shots can drive 
a water-spout asunder. It is by no means inconceivable that 
balls which strike in such a manner that their direction is Hit 
opfonie at the cb-cular movement of those portions that they 
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meet, can produce such an effect ; but I do not venture to de- 
cide if tlie accounts we possess are sufficient to prove the ac- 
tual occurrence of such a consequence. 

In considering the water-spout, we have endeavoured to 
arrive at its proximate causes fVom the effects which have 
been observed and recorded ; and we have ascertained that 
a whirlwind which begins in the higher regions of the wr, 
and becomes expanded as it descends, constitutes the essen* 
tial element of the phenomenon. It will, however, be fur- 
ther asked, What is the cause of this vortex ? We perceive 
pliunly that a whirlwind can he produced by two currents of 
«r following parallel courses, but flowing in opposite di- 
rections. There is nothing to prevent us from assuming the 
existence of such currents in the higher re^ons of the atmo- 
sphere. They must often occur there while the air beneath 
b perfectly tranquil ; at least, during an aerial voyage, a 
whirling cloud was met with ; but we must also admit that 
we are in possesion of no evidence of such ur-cmrents ac- 
tually existing at the period when a whirlwind is formed. 
But still, that this is the case seems very probable, when we 
reflect that they must be of frequent occurrence, and that they 
are citable of producing the effect we have said might be as- 
cribed to them. 

Experience teaches us, that such opposite streams in the 
higher regions of the ur often contend with each other, while 
profound repose pervades the lower strata. We know also 
that the opposite currents produced by the inequality of tem- 
perature over the land and sea, often extend upwards to a 
great height, and are there in a state of great commotion, 
while all is tranquil beneath. 

It is evident that opposite and crossing currents of wind are 
capable of producing also whirlwinds whose axes should run 
parallel with the earth. These must likewise produce great 
mixtures of the upper and lower strata of air, and give rise to 
rain and haiL This seems to correspond very well with our 
storms ; but I am not yet able to say how &r we can carry 
thin opinion.* 

• Pnm "SeAwMNbr^ JaM«A>ilr ISSS." 
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Experimentt and Obtervationa on the Temperature of Artesian 
Springs or Wells, in Mid-Lothian, StirUt^shire, and Clack- 
mannanshire. By RoBBBT Patbrbom, M. D., M. W. S. 
Commiinicateii by the Author.* 

The conditions which are necessary fbr the production of 
(boae intereating reservoirs of water, commonly called Artesian 
springs or wells, are, first a more or less basin-shaped condi- 
tioQ of the strata, and secondly an alternation in these strata 
of rock, some pervious and others impervioos to water. Such 
conditions are most prominently possessed by our coal'mea* 
sores, which are in general basin-shaped, and consist of alternat- 
ing layers of sandstone, which is the pervious rock, and strata 
of coal, shale, and ironstone, which are impervious to water. 

Coal being the object of most general search amongst pro- 
prietors in this country, its presence has been long ascertained 
liy making perforations into these strata. In the course of 
these borings, it frequently happens that, after passing through 
a series of layers which are impervious to water, they come 
upon one from which it exudes abundantly, occasionally spout- 
ing to a considerable height from the mouth of the bore. 

Thus, in an instance which Mr Johnston of Meadow Bank, 
near Falkirk, has been kind enough to communicate to me, 
upon boring to the depth of 414 feet from the bottom of one 
of his coal-pits, the rush of water was so great as nearly to in- 
undate the pit, and was with great difficulty stopped for a 
time by inserting a wooden plug into the mouth of the bore. 
This, however, also proved insufficient, the plug being ex- 
pelled with great force by the upward pressure of the water. 
The number of these springs throughout Scotland is now consi- 
derable, and, since public attention has been turned to them 
by M. Arago f and others, and more especially to the fact 
that they are the sorest means of deducing the rate of increase 
of the internal temperature of the earth, they possess an addi- 
tional interest. It is with the view of bringing together a 
number of interesting facts which have come under mu" notice 

* Reftd befim ths WemerUa Natiml Wstorj Bodetj, IStfa Jam. 183B. 
t See PntemoT jMaeww's Jwmal, v*1b. L xviiL six. zziii. xxiv. 
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regarding these springs, tliat the foUomog observations have 

been drawn up. 

It has already been mentioned that M. Arago vra& the first 
who Eopported the idea that the temperature of the water, 
isBuing from an artesian well, is Uie means least liable to give 
fallacious results of any which have be^t yet proposed, to as- 
certain the increased temperature of the centre of the earth. 

If the water, as it makes its exit from the mouth of a 
bored well, possesses a temperature above that of the sur- 
rounding atmosphere, it must have acquired that temperature 
from the rock out of which it came. But two very import- 
ant objecti(His have been urged ag^nst its possessing precisely 
the same temperature as the rock which contained it Firtt, 
That frequently springs coming from a higher level mix, and 
consequently modify the temperature of the water. Second, That 
water coming from a great depth, loses a certain degree of its 
temperature in imparting it to the cooler sides of the perforation. 

That such objections might not be brought against this 
species of information, we used ao instrument which has been 
long known for ascertaining the temperature of water at great 
depths. It consists of a glass-tube with brass ends which 
screw on ; in each of these ends there is phiced a valve, and 
both of the valves open upwards. It contains a thermome- 
ter, and is surrounded with a non-conductor ; a stiing being 
attached to it, it is lowered down into the bored well The 
water rushing up the bore, together with the instrument de- 
scending against it, causes both valves of the instrument to 
open, by which a free communication through the instrument 
by the valves is kept up, until it reaches the bottom of the 
perforation. The instrument is to be allowed to remain there 
for a short time, and then withdrawn as quickly as possible. 
As soon as we be^ to withdraw this instrument, the valves 
close, and consequently include a quantity of water from the 
lowest level, at which it has been. 

We have used the above described instrument on many 
different occasions, and in many different artesian wells, both 
those of recent and of several years' formation, and on no occa- 
sion did we find the slightest difference of temperature, be- 
tween the water taken at the mouth of the bw^ and that 
brought up by the instrument. 
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In all springs, therefore, of this description, in which we 
can tell the depth firom which the water comes, we may safely 
rely apon the temperature of the water at the mouth of the 
bore being similar to that at the bottom of it, and conse- 
qnently.of the stratum from which it came. And, in those 
iastances in which we have reason to suspect that the water 
18 mixed with springs from a higher level, the use of an instru- 
ment similar to that above described will settle the question. 
At this stage of our inquiry, H may be proper to remark, 
that in all cases the method of ascertaining the rate of increase 
as we descend under the surface of the earth as deduced from 
artesian wells, is, by comparing the temperature of the spring 
with that of the mean of the district in which it is situated. 
This is a most important part of the inquiry, and one which 
requires onr especial attention. 

It is a very common idea and practice, to compare the heat 
of a spring of this description with that of an ordinary surface- 
spring in its inmiediate neighbourhood, and certainly nothing 
can give more &Ua«iou8 results. Thus, we have seen the 
temperature of an artesian well, on which we were experi- 
menting, 62°, while that of a surface-spring hard by, was at 
the point of freezing. It is, therefore, proper to gain as much 
infnrmation as we can regarding the probable mean of the 
place, if no thermometrical obserraHons have been made on 
the district. 

It is unfortunate that many of those interesting springs, 
which I am abont to mention, occur in a district on which no 
ascertained mean temperature, as deduced from thermometric 
observations, has been drawn ; and we have, therefore, been 
left to our own resources in fixing them, partly by their proxi- 
mity to a spot, the mean temperature of which we know, 
partly from their level as regards, and proximity to, the sea, 
and partly from observations on well-shaded springs at differ- 
ent periods in the course of a twelvemonth. 

Having thus ^ven a few preliminary statements, for the 
purpose of enabling the Society the better to understand the 
detail of onr observations, we shall now proceed to lay before 
them onr experiments on the artesian wells of Mid-Lothian, 
Stirlingshire, and Clackmannanshire, with oneortWo elsewhere. 
Our first oxperirncnt was made on an artet^an spring in the 
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immediate neighbourhood of Edinbui^h. 'Whea the brewery 
at Meadowbank (the place to which we refer) was erected, 
a well was sank to about forty feet from the sorfece, for the 
purpose of si^lyiog the establishment with water ; in conse- 
qoence, however, of the supply proving deficient, the prc^rie- 
tors were recommended to sink a bore from the bottom of the 
well. This was accordingly done through different coloured 
clays, sands, and very thin strata of fragile sandstone, to the 
depth of 119 feet, till they reached a considerably thicker and 
firmer stratum of sandstone, from which the water filled the 
bore and gushed over its edges. The supply has since conti- 
nued, and proves amply sufficient for the great consumption 
of the brewery. 

The well into which the water of this bore is allowed to en- 
ter is soon filled, in consequence of the large quantity of water 
emitted by the artesian spring. It will, therefore, be obvious 
that opportunities of testing the temperature of water, at the 
mouth of the bore itself, do not often occur. Throu^ the 
kindness of Mr Aitken, however, I was enabled to do this, 
and found the temperature of the vrater to be 49^°, and which 
temperature, of course, would have been the same had it oome 
to the tt^ of the welL This well, as we have aJready stated, 
is 40 feet deep, therefore the temperature of this water was 
that of the rock 1S9 feet below the surface. 

The temperature of this spring is now to be compared with 
the mean of the district It is situated at the base of Arthur's 
Seat, on the north ^e, but where no thermometric observa- 
tions have been made on the mean temperature of the locality. 
We may, therefore, I think, very safely consider it as interme- 
diate between that of Leith and Edinbor^ viz. 46^°, which 
^ves us an increase of 3° of the spring over the mean of the 
district 

Experiments were also made in, or in the immediate neifj^- 
bourhood of, the Caise of Falkirk, a very level and low lying 
tract of land in Stirlingshire, and in the immediately adjcdning 
portion of Clackmannanshire. This Carse presents itself in 
the form of an oblong amphitheatre, which is traversed by the 
river Carron, and bounded on the north and east sides by the 
Forth. 

It is composed chiefly of rocka of the coal formation, and 
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in several parts of it, strata of coal of considerable thickness 
are wroo^t, and iiviush large qtiantitieB of that mineral. 
Id consequence of this circamstance, the proprietors through- 
ont this tract have made extensive borings on their different 
estates, for the purpose of ascertaining the presence of this 
substance. 

The first artesian spring which was examined in this loca- 
lity is situated in the orchard at Kerse, the property of the 
Earl of Zetland. The perforation was made for the purpose 
of learning the thickness of the coal strata in that place. I 
^lall annex the journal of the bore, wfiich has been kindly put 
at my service by Mr Borthwiok. 

Section of the Strata in the bore at Kerte 
Harf Orchard, 1827- Depth. 

atnta. tt-U. 

1. Sleek, or oane aUaviumi 
3. Claji witk thin stonee, 
3. Dry dark grey sandstone, 
i. Blaes oi shale, . 
C. White sandstone. 



7. Orof band, a peooliai kind 



I. Coal, 

I. Oief epreckled sandstone (i 

. White sandstone, . 

S. Grey shale, 

t. Wkite eandatone, . 

I. Shale, 

r. Qtey blaee or diale, 

I. Coal, 



. Shale, 

I, Ore; sandstone, 

I, Bhale, 

I. Co«], 



. Orejm 

I. White sandstone, 

I. Shale, 

I Coal, 

i. Shale, 

Water tpnmg l9 Surface. 

i. Dvik gtqr sandotont^ ■ • 

Total, 
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Prom the above table it will be observed tliat, after passing 
through a very great thickness of Carse alluvitim and't^lay, tbe 
b<H-iDg machine entered the nsnal rocks of the coal^formation ; 
and that the water sprung to the surface immediately upon en- 
tering the dark grey sandstone, and rapidly increased as they 
descended in this stratum. 

This perforation was made in the year 1827, from which 
time till the present the spring has continued to afford an on- 
diminished supply of excellent water. The temperature of it, 
however, had not been ascertained previous to the year 1836, 
when it was found to be 51^° ; and from that time till the 
month of January 1839 it has been frequently examined, and 
its temperature fouud, by the same thermometer, to be precise- 
ly similar. It may be here remarked of this spring, that it 
occurred to us there might be a cert^n loss of tempera- 
ture to the spring in its passage through such an extent of al- 
luvial matter, and this idea was further strengthened by the 
fact, that the water was brought from a little below the rock 
bead, by means of iron pipes, instead of wooden ones which 
are usuaDy employed. To solve such donbts, the instrument 
formerly described was lowered dovra ; unfortunately it did 
not reach above 100 feet, in consequence of some impediment 
to its descent ; but certainly at that depth, the water brought 
up had as high a temperature as that coming from the mouth 
of the bore itself. 

Mamrills, the property of Mrs Walker, is situated on the 
edge of the CWse of Falkirk, and slightly elevated above it. 
In this estate a bore for ascertaining the presence of coal- 
strata was sunk in the year 1837. In the journal of this per- 
ftiration, which has been obligingly communicated to me by 
Miss Walker, but which is too long for insertion here, the 
quantity of alluvial matter passed through was small, 23 feet 
4 inches, and the water is brought up from the rock-head by 
means of a strong vrooden tube. The water, it appears, never 
came over the edge of the bore, until they got among some 
thick strata of sandstone, at the termination of the bore, which 
ii 213 feet deep. The temperature of the water of this spring 
haa been frequently ascertained, from a short while aiter the 
bwers ceased their operations to the mcmtb of January last. 
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ind on all occftuons the temperature has never been found to 
vary, it being 51°. 

It may be remarked with regard to the mean temperatttre 
of the d^trict in which the two last-mentioned springs are to 
be found, and which may be considered the same with regard 
to those which we are just about to mention as occurring in 
Clackmannanshire, that, unfortunately, no thermometric obser- 
vations have been made on that district 

On looking at the situation of the district on the nu^), we 
shall find that it lies about 25 miles NW. of Edinburgh, and 
that it is at the level of the sea, the tide often rising so high 
as to overflow some of the farms ; and it may be remarked, 
that the crops are generally observed to be a few weeks later 
than in the neighbourhood of Ediobur^. I have tried the 
temperature of many of tiie surface springs, but in none of them, 
with the exception of one, did I find any thing like satisfoc- 
tory results. In this spring, which is situated at a low and 
central part of the Carse, shaded by a few trees, and comes 
rq>pling out from among some loose stones, the temperature, 
in the month of April 1837, was about 45°, and in September 
1838, 46 j°. This difference is not great, when we consider 
that it is a surface spring ; it might have been found to pos- 
sess a much more varied temperature, had it been tried during 
odier months ; this, however, I had not an opportunity of 
doing. Reasoning, therefore, from the circtmistances which 
I have just mentioned, I think we may conwler the mean of 
this district to be about 46*. 

The artesian wells of Clackmannanshire owe their origin 
partly, to some proprietors being anxious to ascertain if coal- 
strata existed on their estates, but chiefly to the circumstance of 
the surface-springs becoming frequently brackish from the 
height to which the tide rises in that locality. The first per- 
flation which I can ascertain as having been made in the 
neighbourhood of Kincardine, is to be found at Loanside House ; 
it was sunk by the proprietor for the purpose of supplying his 
establishment with water, free from an admixture of salt ; it 
sncoeeded at the depth of 120 feet, and is now to be seen in 
the centre of the st^le-yard of that manoon, aflbrding an 
abimdant supply of water of excellent quality. 
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The success which followed the above-mentioned experi- 
ment, iadnced the proprietors of a distillery which then existed 
at Kennetpans to sink one or two wider bores, with the view 
of affording an abundant and constant supply of fresh water, 
for the purposes of the distillery. One was consequently sunk 
at about the distance of half a mile from Kennetpans, and to 
the depUi of 270 feet, before a sufficient supply of water conld 
be procured. I wafl kindly informed by Mr Bernard of Ken- 
netpans, who superintended the boring operations, that, after 
having passed though a compact thick stratum of white sand- 
stone, and a stratum of shale of one or two feet in thickness, 
the lower part of this shale was reported to be spongy, and 
that the water then increaaed rapidly upon them. This arte- 
sian well BtiU affords a large quantity of wato*, and is easily 
to be found by tracing up the water-course from the old seat 
of the distillery for about half a mile. The temperatnre of 
this wat«r, as ascertained several tim^ throughout the course 
of the last three years, has always been 61^% which gives an 
increase over the mean of the district of 6^°. 

In followii^ up the same water-coiirse, another, and, as I 
am informed, much deeper bore is to be found : it is imme- 
diately under Mr Bruce of Kennet's House. The particulars 
concerning this bore I have not been able to procure. It was 
made, however, it appears, much about the same time as the 
immediately preceding one, and to the depth of about 380 
feet. It at present yields water of a temperature of 53°, which 
is 7° above the mean of the district. 

Several other springs are also to be found, of various 
depths, along the same water-course, and in the immediate 
neighbourhood of Kennetpans. They have been sunk by 
proprietors to ascertain the presence of coal strata. One of 
them, supposed to be about 210 feet deep, yields water at 
57°, others from 160 to 200 feet, 49o and 50{°, and another, 
of whidi the depth is unknown, 61°. 

I am indebted to my Mend Mr Kincfud for much interest- 
ing inftHination regarding the temperature of several other 
arte«an wells, which occur a few miles north-west di Laa- 
rieston. They also take their origin IVom prorations made 
to ascertun the presence of coal ; but as some little aceident 
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Iu4»p«ned to the tbermometer vith wbidi the experiments 
were made, and as the information wliicli waa procured 
from the borers was not of the most accurate description, 1 
have preferred delaying the details till some future time, 
when more accurate experiments and information may have 
been procured. It may be satiefactory to observe, how- 
ever, that Mr Kiocaid found the temperature in all of them 
to be much above the mean of the dieta'ict Mr Angus of 
Holytown has also had the goodneae to make many experi- 
ments for me on the artefdan and other springs, which are to 
be foond in the coal-pits of that oei^bourhood ; but as it 
wonld mix up the sul^eet too much at present to rehtte them, 
1 must also defer them till anotlier occasion. 

It has been onr object in the for^^ing part of this com- 
municataon, to state, as concisely as is consistent with the de- 
tail of the subject, the different facts which we have been 
able to collect concerning the artesian wells of the districts to 
which we have had access ; and it may not be out of place 
to make a few remarks which have been su^ested from the 
ctmaderation of the facts above mentioned. 

We may remark, then, t'n the first place, that arteuan wells 
are abundantly to be found throt^hout the rocks of the coal- 
fixmation. This is a ^t not at all to be wondered at when 
we consider the variety of rocks which are to bo found in that 
series, some of which are pervious, and others impervious, to 
water. Indeed, so well is this known in some parts of the 
country, that preparationH have always to be made before 
commencing a perforation, so that they may be enabled to 
stop the flow of water from it, in consequence of the water 
proving a nuisance to the land in the immediate neighbourhood, 
if it is not wanted for economical purposes. 

The quantity of the water which flows up these perfora- 
tions is very varions, generally bearing a proportion to the 
width of the bore, and the depth to which it is carried. In 
some of those wbich we have mentioned, the quimtity of water 
is very considerable, coming out of a bore nearly three inches 
in diameter, in a fall and continuous stream ; and I am in- 
formed by Mr Jobnstwi of Meadowbaok, who continued bor- 
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\a% to the depth of 69 fathoms (414 feet) &om the bottom of 
one of hifi coal-pits, that at that depth the rash of water was 
GO great, that they were ob%6d to stop the boring operations. 
The quantity of water ejected by this bore has been roughly 
calpiiated by Mr Johxiston, to be about a hog^ead per minute. 
The quality of the water is excellent, and is used by mwiy 
&milies in the neighbourhood of these perforations in prefe- 
rence to the surface-springs. It, in general, oontains a quan- 
tity of the hydrate of iron, received probably from the strata 
of ironstone throtigh which it has to pass ; this, however, is 
soon depoBted by the water in the shape of a bydrated oxide, 
on the bottom of the water-course. In some instances, how- 
ever, the quantity of iron is so great as to constitute it a. 
slightly chalybeate spring. 

It was previously mentioned, when speaking of the art«siaii 
wells of Clackmannanshire, that tiie height to wlucb the tide 
rises causes the surface-springs to become brackish. Now, 
it is a curious fact connected with the arteuan springs there, 
that some of them, and more especially those of least depth, 
emit a much larger quantity of water when the tide U high. 
This is a remark which has been made by Mr Bald, and by 
various individuals in their neighbourhood. It is very evident 
that this increase in the quantity of the water given out by 
the spring has a connexion with the rise of the tide, and has 
been m(»t commonly, and in oar opinion very properly, re- 
ferred to fissures extending into the strata, and to which the 
sea-water has access. That no salt water can extend along 
tbese fissures is proved by the fact, that these artesian wells 
are never brackish ; but to account for tiiis, it has been sup- 
posed that the percolation through the strata is sufficient to 
remove the salt ; this, however, cannot be, as no percolation 
which we are yet acquunted with, enables us to remove the 
saline ingredients of sea-water. We are, therefore, inclined 
rather to explain it after the following manner : — These fis- 
sures extend, as we have formerly mentioned, through the 
strata into the bed of the river ; these, however, are con- 
stantly discharging water into the river, tiie quantity 
of which, however, must materially vary according to the 
superiacumbent pressure. Thus, when the tide is hig^ 
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iiie quantity emitted by the fissure into the river must be 
considerably less than when there is only a small quantity of 
water in the rirer. Now, if there is a constant discharge of 
fresh water from this fissure, we can easily understand that, 
aoc(»rdiitg to the laws of hydrostatic presBiire, the quantity 
emitted by the artesian spring when the tide is high, is just 
so much greater as the quantity of water emitted by the fis- 
sure into the river is less. This, it appears to us, will suf- 
ficiently expUun the phenomenon, witliout tlie supposition 
that percolation, or any other process, removes the saline taste 
of the sea-water. 

It may be remarked, in the second place, that the pervioua 
stratum in which the water seems to be contuned, is the sand- 
stone. It is a very common idea among the borers and 
miners, that, in general, the water proceeds from the coal, and 
we can easily explain tiiis by referring to several journals of 
borings, in which this is said t« have taken place. The mis- 
take of tfaee^ individuals seems to be, that, in genial, after 
piercing throtigh a stratum of shale (which is well known to 
mining engbe«i-s to be a rock very impervious to water), tiiey 
come to a small seam of coal, immediately under which lies 
the pervious stratum of saudstoue. When the coal is pierced, 
the water from tJie sandstone immediately rushes ap through 
the innumerable cracks in it, and comes to the surface. Thus, 
in many journals of borings which I have in my possession, 
and in the one which has already been referred to in a pre- 
vious part of this pi^r, it will be seen that the water really 
came from the sandBtone. In snpport of tlus idea I have 
only to mention the name of Mr Bald, who has had so much 
experience in mining operations, and that of Mr Johnston of 
Meadowbank ; and the facts connected with the deep bore 
which I have previously mentioned as sunk by that gentle- 
man &om the bottom of one of his coal-pits, is sufficient to 
put this beyond doubt. " The rush of water (says Mr John- 
ston) occurred at the depth of forty-seven fethome, fVom a 
stratum of white sandstone, having a seam of coal about tliirty 
inches thick above it ; the bore was continued to the depth 
of sixty-nine fathoms, still through this sandstone, when they 
were compelled to give it up owing to tbe rush of water." 

VOL. XXVtI. NO. LIIL^ULY 1639. » ^ 
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The great difFereoce of depth from which the water came 
in the different borea which 1 have mentioned, Ttiiile the so- 
perficial distance is so small, \s easUy to be accounted for by 
the numerous shifts and dislocaticHiB which are found in 
coat strata, and more especially in the Clackmannanshire 
field ; indeed, a whinstonc dyke is to be seen trarersing the 
country between two of the bores which have been men- 
tioned. 

We DOW come shortly to consider the increased tempera^ 
ture which these artesian wells are found to possess. 

When we look at the experiments which have been related 
in a former pEU^ of this paper, we cannot but be struck with 
the similarity of the results, as deduced from localities far dif- 
ferent from each other ; such a result cannot be accidental, 
and cannot be explmned by causes of a local nature, but must 
be produced by some general agency, which extends over the 
whole surface of the globe, and which is now believed by the 
generality of geologists to be the central heat of the earth. 

It was long ago advanced by M. Arago, that artesian wells 
were the only sure way of arriving at any correct data by 
which to judge of the increase of temperature as we descend 
in the crust of the earth. The temperature of mines had 
previously been much attended to, but the results were found 
so various, and the sources of fallacy so numerous, that no 
correct data could be based upon them with any confidence. 
In reviewing our experiments, it will be obvious that they 
bear upon two very important topics connected with this sub- 
ject, and these are, first, the rate of increase as we descend, 
and 2dty, the r^^ular ratio which it bears. 

This latter point is distinctly ehewn by observing the tern* 
perature of artesian wells of small depth, luid comparing them 
with those of great depth. Indeed, so much can this be de- 
pended on (at least in the districts we have examined), that 
on several occasions when individuals totally unacquainted 
with the subject have been told the mean of the district, 
and the usual rate of increase which had been found in other 
springs in that neighbourhood, as well as the depth of the 
spring we were about to examine, liey have told the tem- 
perature very nearly. 
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The use, too, of the instnunent before mentioned, renders 

our calcnlatioas upon the regularity of the increase very satis- 

&ctory. 

We shall subjoin, in a tabular form, the result of oar expe- 

rimeutB on the temperatnre of the arteuan wells, and the 

rate of increase as we descend. 

LUt t^the LocaStia, Temperatttre, and Soft of Increase of the Artttian 
Bprrngt, mentioned in tAepneent oonmumeation. 



Niii»<.fPl«e. 


S^g. 


D^tflct. 


t&i 


Ralsoflncreaw. 


Keree 

Mumriils 


51 
48 
Hi 

63 

ftl 

49 
60] 
61 
48 


46 
46 
48 

46 

48 

46 
46 
46 
46 


Feet. 

231 
213 
100 
270 

3S0 

210 
160 

300 
310* 
180 

ATHBge 


i for every S3 
1 ... 43 
1 ... 42.7 
1 ... BO 
I ... 40.1 

1 ... 60 

1 ... 42 
1 ... 63.1 
I ... 42.6 
1 ... 42 
1 ... 60 


Bore / 

Spring immediatelT un- 
der Mr Bruce of ■ 
Kannet'a house 

and quite clo» to the 


Faruthoffflamaimaiit... 


IfijT every 47.11 



A simple inspection of thia table will shew how very nearly 
Uie results of different localities ^proximate ; and if we take 
the average number of these results, 1° for every 48 feet as 
we descend, we shall find that it comes very near the average, 
as fixed upon by the British Association, which is 1° ita every 
45 feet of depth. On comparing this table with the follow- 
ing, which has been drawn up from a variety of sources, but 
more especially from papers which are to be found in Pro- 
fessor Jameson's Journal, we shall find that the average of 
the former is much less than the latter, and this chiefly in 
consequence of some of the observations we have quoted har 
ving been made on enclosed waters at the bottom of old pits. 



* TUa is the mppoeod depth ; aoouiKte infonnatioii rc^juding it could 
not be procBr«d. 
t Ur Kinoftid has furnished ue with this observation, <m vhich peiftct 
n be ploeed* 
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We have altogether kept out of view the experiments of 
Spasky and Kupffer on the artesian wells of Vienna, as there 
is certunly some mistake, or rather, as Professor Bischof re- 
marks, some militating cause, and he conjectures *' tliat the 
depths of these springs are not et^oal to the lowest point of 
the course of the spring, but that the springs rise from a still 
greater depth," 

Riideredoif (Uagniu and Erman), 

Later observations, .... 
Still more recent, .... 

(Erzgebirge (Bischof), from obBcrvntions oa en- 
closed waters, 
Monk WeaimoDtb, 
Cornwall, from springs, 

^ Cornwall, from enclosed waters, . 
I Uralian Hotmtains, from a comparison of the 
I most autlientic observations in these regions, 
xRiidersdorf, from rising springs, 
Paris, Well at Port 8t Ouen, 
Departments dn Nord, ( ^"^ '»' Marquette, 
ot du Paa do Catois, ) - ■*^' * 

t ... St Vmcent, 
Sheemess, ....... 

TODTS, 

GenoTft (De la Rive et Harcet), 
Paris, Slaughteriiouse of Greaelle, . 






Memoir oh the Classification of SoUsA B; M. Dx Gasparik. 
It is nndouhtedly a matter of surprise, that in an art which 
engages the attention of so many distinguished men,— which 
is the great basis trf national prosperity, and which excites so 
many differentenergies, a name has not yet been devised forthe 
ezpresdon of the different qualities of earth which form the 



■ Colled and reduced from Profeasoc Bisehors paper on Thermal Springs. 
. t Report of a commDnicstiaa presented to the French Academj of Sciences. 
— This Memoir is the first part of a work npon Agntaauif which is that branch 
of thescience ofa^cnltnre which has for iU object the studj of soils; what 
belongs to their susceptibility of cultiintion, and to their relative value, is 
nserved for another pnblication, the author confiuing himself on the pre- 
Mnt Mwion to the oonaidereticin of their classificaUan. 
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theatre and principal material in all its operations. Attempts 
bare been made to confer upon it a nomenckturc, one of th« 
first requirements of a ri^g science ; but, before success can 
be obtained, it must make the same attainments that the other 
natural sciences bare recently done. For the discovery of 
the appropriate characters of his classification, the author has 
directed a particular share of attention to Chemistry and Na- 
tural Philosophy, to Microscopic Observation, Geoli^y, and 
Botany ; and tlie soils have been analyzed, experimented upon, 
and observed in relation to all these sciences. As it is impos- 
sible, in this place, to enter at length upon tbe consideration 
(tf these laborious researches, we must confine ourselves to the 
citation of some of the facts which result from the investigar 
tion. 1st, The author points out the small quantity of car- 
bonate of lime which b sufficient to change tbe character of 
soils. It is known that the five or six per cent, of this sub- 
stance which is supplied by marhng, produces very remark- 
able effects, whilst the one-hundredth part which is con- 
t^ed in the soil of Lille, as analyzed by M. Berthier, like- 
wise sensibly affects its nature and vegetative power. Lime 
gradually disappears from soils, being changed into a bi-car- 
bonate. The enclosure of la grande Chartreuse, which is 
formed of the debris of rocks which contain lime, does not now 
furnish a single particle of this earth. 2d, The carbonate of 
magnesia modifies soils in tbe same way as the carbonate of 
lime. This earth is contained in great quantities in the soils 
of the valley of the Nile ; and those of Bas-Languedoc often 
famish from ei^t to thirty-tiiree per cent. 3d, It has often 
been attempted to ascertain tbe characters which distin- 
guish those soils in which gypsum produces an effect upon 
vegetables, imd those in which it has none ; but hitherto with- 
out success. The author has ascertained that gypsum has no 
action upon recent alluvial soils, and that it produces a bene- 
ficial effect upon all more ancient soils, beginning with the 
diiuvian. 4th, He has found sal-anunoniac in all tbe clays be- 
lon^g to the vegetable stratum of soils. This observation 
shews the importance of clay as a magazine of the materials 
which favour vegetation. 5th, If by washing we separate 
into aeveral portions the coarser and finer parts of earth, we 
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find that the tenacity of such soil is in proportion to the qnan- 
tity of the latter kind, except in a bhieOI nnmber of cases. 
6tli, Upon examination with the microscope, it is ascertained 
that these exceptions are owing to a coating of feirnginous 
clay which adheres to the snrfaces of the mineral particteB,— 
that washing separates it with difficulty, and that it serves as 
a cement, forcibly a^lutinatiug, and increasing the tenacity 
of the whole. 

On ike Principles of Ike Clattification of Soili. 
■ If we study the olgects which we find in nature, that we may 
know them as they really are in themselves, imder all the re- 
lations of their organization and their prq)ertie8, it is in their 
innermost existence, — in the relation of their parts, — in their 
resemblances and dissimilarities, that we must seek for the 
merms of grouping them together, without any regard to the 
circumstances which are foreign to their peculiar and proper 
existence. It is thus that Jossieu established the several &- 
niilies of plants, Cuvier those of animals, and M. Beudant 
his orders of minerals. Each of their groups collects t4^e- 
ther the beings or the substances which bear the closest re- 
sembUnce to each other, under all the ^preciable relations 
of their organization or of their texture, but without inter- 
mingling therewith any idea concerning their utility, which 
could only be considered as foreign to llie subject ; and this 
forms pure natural history. 

But if we regard it in another point of view, if it be not 
the being or the substance in itself which we wish to study, 
but only such and such a property of the object, the classifi- 
cation then ceases to be a natural method or arrangement, 
and becomes a common classification. Accordingly, when we 
would study plants in an agricultural point of view, the con- 
sideration of families should not mislead us ; as it would be 
impos^ble to establish any one agricultural principle which 
would be common to an entire family. That of the Graminece, 
for example, presents us with oats, wheat, rice, and the sugar- 
cane, which require difiWent cultures, and serve for very dif- 
ferent purposes. Besides, the number of plante which are 
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the objects of agricoltiml interest is sinall, and were we to 
oondact a course of agricultnre, according to the order of fa- 
milies, we should have unly shreds of these families, which, de- 
tached irom their natural alliances, would exhibit nothing but 
disorder, so soon as the intermediate links were withdrawn 
which maintain the order of their connection. What, then, 
under these circumstances, is to be done ! The answer is 
clear, — we must combine together the plants whose kind of 
cultivation has the greatest analogy, and we should thus 
have, for example, 1st, trees ; 2d, the trees and shrubs which 
yield an annual crop (such as fruit-trees, mulberries, vines) ; 
3d, the feculent grains (wheat, oats, buck-wheat, &c.) ; 4th, 
the plants with oily seeds (the poppy, colza) ; 5th, the 
plants which yield fodder (lucerne, f^mrry, ryegrass) ; 6tb, 
plants used in weaving (lint, hemp) ; 7th, plants used in 
dyeing (dyer's woad or glastum) ; 8th, the oleraceons plants (pot- 
herbs, spim^, chiccory); 9th, roots (beet, carrot, madder), &c. 
&c. According to this method, classes are formed in which 
the natural affinities of plants are often broken, but which, on 
the other band, present another kind of affinities, such as pro- 
ceed from their mode of culture. They are, therefore, natural 
classes in relation to fanning, whilst they cease to be so cou- 
^dered in the light of natural history. This is a method 
which has been followed in regard to medical substances, 
articles of food, &c. Chemistry itself classes natural bo- 
dies in a manner different from what mineralogy does, be- 
cause the view it takes of them is different. Thus, not only 
the practical arts, but the pure sciences themselvee, modify 
classification, according to the object they have in view, with- 
out at all changing the natural relations of bodies ; they deter- 
mine that one of their properties which ought to predominate 
in the order they impose. 

In agronomy, therefore, it is no longer simple substances, or 
bodies in their individual condition, such as a plant, or crystal, 
we have to examine ; but it is mixtures of many of these sub- 
stances, of which we form individuals only by abstraction, as 
we do in rocks, formed as they are by the union of many mine- 
rals. But this intellectual operation which regards the habitual 
union of several substances and forms from them one collective 
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being, is much more natoral in practice, than that which would 
comdst in considering in granite only the three minerals which 
compoee it, without regarding their aggregation ; and still 
more than that which, decomposing these minerals into tb^ 
last chemical elements, would remove granite from mineralt^y, 
and new it only as a compomid of oxygen, silicinm, aluminium, 
potassium, magne^um, and iron. It is thus too with soils, al- 
"" though some may present only a single mineral element, as 
for example, silex ; and though others, as much oftener hap- 
pens, contain many, and these associated with vegetable and 
animal debris. We can consider abstractedly each of these 
mixtures as a pulverized rock, and deal with it, as we do with 
rocks, in forming a systematic whole. 

After having thus demonstrated that both reason and cus- 
tom authorize us to propose a classification of soils with a g>e- 
cial relation to agriculture, we may examine ; 1st, what the 
characters are which agriculture should examine in soils ; 2i, 
the relative value of each of these characters ; and, 3d, Iheir 
application to classification. 

§ I. TAe Character* o/SoUa in relation to A^icuUure. 

When an agriculturist devotes himself to the investigation 
of a soil, it is a matter of indifference to him whether it is 
composed of alumina and silica, or whether these substances are 
in the state of quartz or felspar, or that by their a^regation 
they form the debris of granite, or finally, that they belong to 
primitive, transition, or alluvial formations: what he re- 
quires, is to know what kind of plants the soil will produce 
with the greatest advantage, the trouble it will require to 
put it in a state of culture, the manuring it will need, the 
quantity of this manure it vrill yield to the plant, and the por- 
tion it will retain in its own substance ; these are its agricul- 
tural characters, — those which adapt it to the olijeots of f^o- 
nomy, and which shed light on his researches. 

What we have already said of the composition and pro- 
perties of soils, demonstrates that certain of then- scientifio 
elements have a relation to the properties which are inquired 
after by agrictdture. Thus, as to the nature of the crops 
which may be expected from different soils, those which cwi- 
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tun carbonates of lime and m^nesia are eminently qualified 
to produce wheats and leguminous crops ; the siliceous-clay 
lands are the soils peculiarly adapted to forests ; the siliceous 
are proper for plants which vegetate in winter, as rye, 
&c. ; mould favours the vegetation of those pot-herbs which 
are cultivated for the stems, leaves, Sic. As regards the 
fiu»lity or difficulty of working soils, those that are siliceous 
are easily dressed, as well as those which have an organic 
origin ; whilst calcareous and clayey present great differences 
in this respect, according to the diversity of their composi- 
tion. Finally, sandy and calcareous soils require frequent 
manoring, and this addition they decompose to the imme- 
diate profit of the plants, whilst clayey ones retain the manure, 
may have the process of manuring postponed to greater inter- 
vals, and receiving at the same time a larger qoantity of 
manure. Diluvian soils admit of improvement with gypsum, 
and siliceous clays with marl ; whilst lands rich in organic 
matters require the dung of animals to facilitate and promote 
the decomposition of the mould. 

Thus, we find in the mineralogical characters we have exa- 
mined in detail, whether physical or geological, certain rela- 
tions with the agricultural characters. There are whole 
groups of soils whose natural characters answer to those agri- 
cultural characters, and reproduce properties which are com- 
mon to them all. After having recognised and distinguished 
them, we must next recognise those of them which from their 
importance and generality will most naturally form the pri- 
tfiary groups. 

§ 11. RelaiiDe Value of Charactert. 

For the qipreciating of the relative value of the agricultu- 
ral characters which we have enumerated, it is necessary to 
discover which amongst them is the most indispensable, and 
those whose absence would be most hurtful to agriculture ; 
the degree of their importance and necessity will then indicate 
the relative subdivisions. 

The appropriation of lands to the different kinds of culti- 
vation seems to possess these qualities in the highest de- 
gree ; and here, in tact, must begin every kind of agricul- 
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tnral improTement. It is only after having destined a par- 
ticolar soil to an appropriate cultore, that we can begin to 
consider the laboor and improvement it requires. These la- 
bours and improvements will be without an object and a bear- 
ing, if we are atill ignorant of the plant to which they would 
be useful. And, moreover, thia investigation of the appro- 
priation of soils to particular cultures, is connected with the 
most natural classification, in a mineralogical point of view ; 
it breaks the smallest number of aifinities, and consequently 
renders the determination of soils more easy and more satia- 
factOTy. 

The labour required for bringing the soil into good work- 
ing condition, is also a matter of great importance ; for if the 
appropriation of soils decides the phytological or botanical 
part of the question as to cultivation, this other consideration 
bears on the question of economy. It modifies the plan 
of regulating the soils which might be determined on from the 
first consideration taken by itself: it has also a very decided 
influence upon the choice of the means to be employed in 
overcoming the resistance upon the number and kind of ani- 
mals, and upon the implements to be procured. But were 
this circumstance taken as the primary basis of the classifica- 
tion, we should then break all the natural afiinities of soils ; 
for aJ) the mineralogical kinds are, in a greater or less degree, 
susceptible of tenacity. Besides, it is evident that this greater 
or less degree of facility in working soils, dissociated from 
their capability of producing the moat useful plants, is a qua- 
lity of very little value ; that it is of no great moment, for 
example, that we can easily labour a dry sand, and a rich marl 
only with difficulty ; and that, in short, in the examination of 
an estate, it is the character of the plants we inquire about, 
before we calculate the expense of their production. 

As to improvements, and the necessary means of enriching 
vegetation, they are without doubt the sign and consumma- 
tion of good farming ; but their use is much less frequent 
than it ought to be : most lands are cultivated without their 
aid ; and we cannot, therefore, consider an exception which, 
we trust, will soon cease to be one, in the light of a character 
so general as the preceding. 
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Upon the whole, therefore, we establish the subordination of 
the agricultural characters wluch ought to be considered in soils, 
in the following method : — lit, The appropriation of soil to 
plants ; 2d, the tenacity of the ground ; and 3d, the aptitude 
of the soil to receive certfun kinds of manores or improve- 
ments. 

§ III. Primary Clamjication tifSoilt after their appropriation to 
particular euituree. 

The Cerealia are every where throughout Europe the basis 
of rural operations. They succeed more or less in all the 
amis which sapply them with a firm support, and which M the 
same time allow the air to penetrate to their roots ; ranging 
irom sandy soils which do not contain less thfui ^VV of sandy 
or rooky materials, to stiff clays, provided that the soils do 
aot contain ^ii} of sea-salt, or any sulphate of iron. The 
soils or pure mould are also excluded Jlrom this kind of cul- 
tivation, from the defective cohesion of their elements, and 
their frequent change of volome. Allowing for these excep- 
tions, t^ere are three principal groups of soils, lat. The sali- 
farous ; 2d, the sandy, which contain even as much as i^ of 
sand or of rock ; and, 3d, oi^anic soils, which contain ^ of 
mould. This division, it should be remarked, agrees not only 
with the results of the mineralogical study of the soil, but also 
with its tenacity ; and hence it is perfectly natural. 

There remains, moreover, a great number of soils in which 
wheat thrives, when they contain, besides, a sufficient quan- 
tity of organic matter ; but they are not all equally favourable. 
F<« its successful cultivation, those which contain only sUex 
and clay must have lime added, a principle without which 
they will scarcely yield any return. As soon as this is sup- 
plied, their product immediately increases in a remarkable 
manner, to the extent of a Jburth, a third, and even a half. 
The vegetation of the Cerealia, therefore, indicates a grouping 
which subdivides lands into soils containing carbonates (of lime 
or of magnesia, the latter supplying the place of the former), 
and into silico-argiUaceous, or clayey soils, which do not con- 
tain carbonate of lime or of magnesia. Hence the agricul* 
tural principle is, in its turn, in a^^reement with the principle 
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drawn from improvement, and no longer with that of tenacity ; 
for, in these two classes of lands, we find that, according to 
the proportion of the mineral principles which they contain, 
the soils possess a difierent degree of tenacity. 

Other kinds of culture confirm this view. Fruit-trees thrive 
admirably in siliceous and clayey lands, and these are gene- 
rally the soils of forests ; leguminous plants prefer soils in 
which there is a carbonate, and then they f^pear naturally ; 
and it is only in the same circumstances that dye-plants a£R»d 
vivid colours. 

We have already remarked, that we cannot avail ontselvcs 
of the characters which are drawn from the tenacity of the 
soU, without destroying the groups which we had previously 
formed. We can, however, reserve them for the formation 
of secondary groups, which will subdivide the primary classes. 
It will he the same thing with thoi>e which are derived from the 
property which gypstun possesses of rendering cert^ soils emi- 
nently productive of vegetables ; hut we have seen that it is 
the geo\opeal poation of soils, more than their compodtion, 
which has hitherto contributed to designate them. Bat each 
of our groups contiuns earths of different geological forma- 
tions, so that we should run the risk of breaking them op if 
we vrere to introdnce this consideration into the formation of 
om* primary groups ; and, upon the principle above insisted 
upon, this character will rank after the one derived from 
tenacity. 

These principles being allowed, we now proceed to the ex- 
pMiition of the classification of soils, which they snpplyi 

FIRST DIVISION.— SOILS HAVING A MINERAL BASIS. 
Character.— These soUs do not loee a fourtli of tbeir weight upon heel- 
ing them till thej emit no more vnpour. 

FIEST CLASa-SALIFEEOUS 80UJ. 

Charatter. — Soils with a salt or styptic tMt«, containing at lesst 0.006 
parts of hydrochloKte of soda, or sulphate of iron. 

Xtt, Saline Smb. — Water digested with these soils, gives a predpitate 
iritb nitrate of silver. 

2d, FiMoSe thth. — Hydrocjanate of potoffii gives a white precipitate 
with the femigiBous salt which is contained in the watet digested with 
thii KtiU 



iiizedbv Google 



M. De Gaaparin on the CSatn/ieatitm of Soil*. 93 

aUOOND CLASSL-SILICEOira SOILS. 
CKaratMM..— PiodBcing no efierreseence with adds ; affoiding by le- 
ligation at least 0.70 for tbeii premttr btJ* 

THIBD CLAaa.— OIiAYS. 
ChanEt^rt. — ^Not Tieldinf^ efibrveicence with scldSi and affudhig hy 
Icrig&tioii lesa than 0.70 of the flnt portion. 

FOURTH CLASa._CALCABB0U8 AND MAQHISIAN SOILS. 
(Aaraottn. — ^Piodncing efferresoence with adds ; lime, oi magnesia, 
or both, are foond in the aolntion. 

FiKST StrB-ORi«a«— CniLKS. 
Chaneteri. — Leaving no residue after the ac^n of the add, ot only 
IcaTing a nlioeous residiie leas than OM. 



CkanuUr.-^-Tiat soil contuna at least OJM) part of silieeons or calca- 
teons aandj wUeh does not escape fiom « siore whose diviiion or holes 
are the 0J)2 of an English inch in diameter. 

Tuian SoB-Oanaa. — Olayb. 
CAanuCsr.— This soil kaTes a residue of OJtO of clay after ethrresoence 
and levigation. 

FeoaiB 8p».0iiwp.— Mills. 
Ckinwtor.— After the action of add, a clay remains whose levigotiim 
does not remove mote than 0.10 of free silex. 

Finl SMtttn—CalemrMMM atarti. 
OUamcin'.— Having at least OM ot carbonate of lime or m^;neaia in 
their composition. 

Suend JiMfien. — AiyUlaetMU Mark. 
CAonieter.— Hanng at least 0.M of clay. 

FlTTB Si'>OaDRa.~-Lo*MS. 
Oiaraeter. — After the action of acid, the le&dnnm presents clay and 
bee silica, which, by their levigation, give each more than 0,10 of the 
weight of the aoiL 

SECOND DIV1SI0N.-S0IU WITH AN ORGANIC BASE. 
Character. — Losing at least a fiftieth of their weight when they are 
beated till they do not emit more vapour. 

FIB8T CLA88.-FRE8H MOULD. 
Chanuster. — The water in which this mould is digested or boiled does 
not redden litmns paper. 

* The "premier kf oom^eheoda the large poftidee which are dsposited 
when the water in which the earth is dissolved, is alrootfy sbakM. 
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SECOND CUSi.— ACID MOUU>. 
CAaroc^^— The mLer in which tkia mould is digested or boiled red- 
dens litmus pBper. 

Id eacb of these claases, the genera are formed by the con- 
sideratioD of the tenacity of the soil, which is so very important 
an element in its characters. 

The work ctuicludes by laying down roles for the descrip- 
tion of species, and with examples of all the methods of descrip- 
tion. In reading these, we at once perceive how precise an 
idea of soils is conveyed in a manner that cannot be misun- 
derstood by any agriculturist. The possibility of transmit- 
ting these clear and pointed descriptions to a distance, follows 
as a matter of course ; and we shall in this manner be freed 
from all that yagneness which has been so long a jost cause of 
complaint 

" If I have succeeded (ooncludea the author) in what I hare 
proposed in writing this boc^, the study of agricultural trea- 
tises will be greatly l«cilitated ; the different methods which 
are followed in distant countries will no longer ^pear so 
marvellous, and will become more intelligible ; we shall com- 
prehend better the considerations which limit or extend the 
several cultures, and a necessary ttnk being established be- 
tween the science of agricultore and other natural sciences, it 
will become more intelligible to all, and will more readily pr<^ 
fit by the progress of all the other branches of human know- 
ledge." 



On the Geoffrap&ical Distribution of Insects. 

The geography of animals in ge::eral, is a department of 
their history which owes the degree of progress it has made, 
almost entirety to the exertions of modem naturalists. Their 
predecessors, with very few exoeptions, regarded a descrip- 
tion of the intrinmc properties of natural objects as sufficient 
to gratify all reasonable curiosity ; and the relations which 
they bore to climate, temperature, and other physical attri- 
butes, scarcely evM* attracted their regard. The sutgect is 
now, bowevftr, viewed in a more [^osophical a^ect, and a 
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zoolc^ist may bava an intimate acqnuntance both wiA the 
external characters and internal organization of a species, 
and still hare occasion to lament that he is in ignorance of 
some of the most intereetJng eonaderatiiHis that attach to its 
higtory. * 

It will readily be conceived, liiat the distribotion of the 
lower unininlg would be still less attended to. Creatures 
which seemed to owe their birth to some fiMiuitons influences, 
or to effloresce, as it were, firom the very sur&ce of the soil, 
could scarcely be supposed to be subject to the same lawa 
which affected the condition of superior natures. Even down 
to the time of Linnaeus and Fabricins, an era from which we 
are wont to date the rise of all true zoological knowledge, but 
litUe had been done in furtherance of this department. It 
may eren be questioned, in regard to insects especially, whe- 
ther the labours of the distinguished individuals just named 
did not tend, in some respects, to embroil ratiier than illustrate 
the subject of their geographical distribution. So habitually 
disregardful were they of determining the precise local habi- 
tations of the species, that we are often left in doubt even aa 
to which of the hemispheres they belong. The phrase " ab 
Indis," which occurs so frequently in their works, may mean, 
either tiie East <x West Indies, and is occasionally used with 
such latitude of meaning as to be synonymous with exotic, or 
extra-European, This want of precision, however, it must 
be admitted, was in some measure unavoidable, as the con- 
signments of insects which they received were generally col- 
lected indiscriminately from fcsreign countries, imd blended 
together in inextricable confusion. Fabricius, at least, appre- 
ciated the value of accuracy on this point, and lays down some 
general principles, in lus Philosophia Enlomohgica, regarding 
insect geography, which may be considered as the first formal 
attempt to place the subject on a sound footing. By the time 
of Latreille, a great accumulation of localities had taken place, 
the accuracy of which could be implicitly relied on, and he 
was enabled to deduce from the consideration of them certain 
general laws, which appeared to him to regulate the distribu- 
tion of insect life. Of his treatise on this subject it is unne- 
cessary to give any acconitt ia tliis place, as a traudation of 
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it has appeared in the Edinbur^PIiiloeopliicalJour&al.'' The 
same subject was afterwards taken up by M&eleay, in bis 
HorcB £tttomoloffic(E, and subsequently by Kirby and Spence, 
in their well-known Introduction. Since that time, the study 
of Entomology has been prosecuted with so much zeal, that 
comparatively ample materials have been placed at the dis- 
posal of those inclined to labovir in this interesting field. Of 
these materials, perhapsi the most valuable is the well-di- 
gested catalogoe of Connt de Jean, which determines, with as 
much accuracy as the subject is susceptible of, the localities 
of no fewer than 22,399 species.t These, it is tme, are Cole- 
optera alone, but aids of a similar description are not wanting 
in most of the other orders. M. Lacordfure, Professor of 
Zoology in the Univeruty of Li^e, is the last writer that has 
availed himself of tiie numerous advantages which recent dis- 
coveries afford toe the illustration of this Babject, to which he 
has been enabled to add the result of his own personal obser- 
vations, during a lengthened residence in many parts of the 
new vrorld, where his attention was particularly directed to 
the inquiry. His essay we consider of so much value, in se- 
veral respects, that We now propose to lay the substance of 
it before our readers. While the direct object of it is to de- 
termine the iofiuences which seem to regulate the geography 
of insects, many of tiie principles advanced will, we think, 
tend to elucidate the distribution of animal life in general.^ 

The geographical distribution of insects, like that of v^e- 
tables, may be considered under two points of view — 1st, in 

• See VoL V. p. 870. 

i-lliis U the nnmbet included in tiielut edition of the Cktftlogiie. Since 
its pablicktion, the coltecUon has been increased to npwards of 33,000 
speciea. It ii, therefore, by hr the richest private collection of Coleqitcni 
in the world. The species of the same order in the Berlin Unirersitjr Mu- 
•enm, the most extensive that exists, amounts to 38,000 species. 

t This essay is contained in an Introdnction to Entomology, published 
last jrax in Paris, forming a portion of the weric entitled iS^ita i B»fb», 
The first volume ma; almost be regarded as a translation of Kirbj and 
Spence. The second contains an accnrate abstract of thediscoveries recently 
made in insect anatomy, a department In which Kirbj's work may be con- 
sidered as already, in seme degree, obaolete. The most vtiginal part of the 
whole is the geogr^iMoid essay in question. 
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regard to tlie physical nature of the localities in which they 
are found. Thus, some live in water or on land ; some on 
leaves, others in carcasses— this constitutes their station. 2d, 
in relation to their geographical positio% that is the country 
to which they are indigenous ; and this is what is called their 
habitation, or, hy abbreviation, their habitat. Under these 
two points (rf view, genera, tribes, families, and any other 
kind of gronp, can be equally well considered as individual 



In regard to both of them, the entomologist ha« the two 
following questions to propose to himself, and it is not till he 
is in a condition to reply to them that the scieoce can be con- 
^ered as complete. 

1st, A locality or a country being ^ven, what are the spe- 
ciefl of insects which are found there ! 

2d, A species or a group being given, what is the country 
or locality which it inhabits ! 

previously, however, to entering upon the examination of 
stations and habitats, an important problem presents itself, 
namely, why species inhabit such and such a locality, rather 
than others ? The only means by which it can be solved is 
to ascertdn how far external physical circumstances act upon 
species ; and, if diese are insufficient to explain the mat- 
ter, we must revert to a higher cause — ^that, namely, 
which ordained the order of things as they now actually 
exist. 

Injluettee of External CHrcunutanees oh Inteets. — It is not in 
our power to explain why the organization of living beings is, 
in certain cases, acted upon by physical agents, and in other 
cases exempted from this influence ; but the fact of such a 
difference existing is proved by observation, and it is the fact 
alone which is of importance in the present inquiry. 

External circumstances do not act on animals and vege- 
tables, either In the same degree or in the same order. Ve- 
getables are fixed to the soil, and, deriving their nonrishment 
immediately from it and from the atmosphere, are placed in 
most intimate relation with the earth, air, light, water, &c. 
while animab having the power of motion, can, at pleasure, 
withdraw themselves to a certun point from the action of 
vol. zxvii. no. nn. — jvhx 1839. o 
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these agents. Insects being for the most part very active, are, 
of course, in tbe latter condition, aod we must therefore take 
into account their faculty of locomotion. 

The external conditions whose influence requires to be 
examined are, nourishment, temperature, light, soil, and or- 



Influence of Nourishment. — When vegetable life ceases, ani- 
mal life likewise becomes extinct ; but this is the case only 
with land species. Such as are aquatic are independent of 
vegetable life, and perhaps no part of the sea furnishes a 
greater number of living beings than the polar r^ons.* In- 
sects are everywhere subject to the law in question, and they 
cease to occur in the same latitude as phanerogamous plants, 
with which their existence is very closely connected. Mel- 
ville Island (75° N. Lat ), which possesses only a few vegetables 
of thb sort, furnished only six insects to Sir E. Parry's expe- 
dition, during the eleven months of their sojourn upon it 

When phytophagous species cease, it follows as a necessary 
consequence that creopbagous species, which live at their ex- 
pense, must likewise cease. 

The inverse of this is observed in proportion as we recede 
from the poles. Phytophagous species augment along with 
vegetables, and their number attains its maximum imder the 
Tropics at the same time as the latter. But this progressive 
increase does not take place with all the creophagons species, 
particularly those of the coleopterous order, as will afterwards 
be shewn more particularly. Of these the equatorial regions 
possess an infinitely smaller number, viewed both absolutely 
and relatively, than the temperate regions of the northern 
liemisphere. 

Other considerations may be deduced from the relations 
which exist between plants and insects. 

It is doubtful whether any insect is to be found whose 

* The aoinuJciiIes of the order Acalephns are to other marine animttk 
what vegetables are upon land to teireatrial uiiinaJs. It is their innume- 
rable multitudes which renders life posdble in the seu of these dismal re- 
gions. Mr Bcoreab]' has calculated that a surface of two square miles con- 
tains 23,888,(KK),000/)00,000 of these animalcnla, and the;^ are met with in 
greater put of the Polar Sew. 
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existen ce is so inseparably connected with tlmt of a particular 
fipecies of plant, that if the latter become extiiict the former 
muBt necessarily perish along with it. Neither has it been 
shewn that any of them follow a vegetable species through- 
ont the whole extent of its habitat, the one exiBting wherever 
the other esiste ; but it is certain that many natmiLl groups of 
insects are connected with corresponding botanical groups in 
respect to nourishment. It is thus that the genus FapiHo, 
very numerous in species, and subdivisible into a great num- 
ber of secondary groups, contains, among the latter, some 
which live only on the citrus, others on the umbellifene, 
laurel, sassafras, Stc. — whence result many consequences, 
some of them of direct interest in a botanical point of view. 
Thus, 

1. A plant happening to disi^>pear from a locality, the spe- 
cies of insect which it nourished may have recourse to an allied 
plant of the same family, and thus maintain itself in the lo- 
cali^ in question. 

2. When a plant in one country supports a certdn species 
of insect, if we happen to discover, in a very distant country, 
another plant of the same group, we may often conclude, a 
priori, that this country likewise possesses an insect of the 
same genus as the other. The numerous species of the Le- 
pidopterous genus Lybithea, for example, live on the Celtis in 
the caterpillar state, and there is one spedee in the central 
districts of France which feeds on the leaves of Celtis auslralis. 
The genus Celtis likewise occurs in the AntiUes, Madagascar, 
and Java, and in each of these countries a particular species 
of Lybithea has been found. It will be observed, that in such 
cases the existence of the plant may be inferred from the 
presence of the insect, as well as that of the insect from the 
plant, but the former conclusion is by no means attended with 
the same certainty as the latter. 

3. When a plant is transpturted into a foreign country, when 
it finds no congeners among the indigenous vegetables, the 
insects of the country to which it has been carried do not at- 
tack it. Thus, our cabbages^ carrots, vine, Sic. acclimated in 
Cayenne, suffer no injury from the insects of that country ; 
and in like manner the Indian chestnut, the tulip-tree, and 
the magDoUa, are respected by oars, as well as the greater part. 
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of exotic plants, wtiicli we cultivate cither in green-booses or 
in the open air. 

4. When, on the contrary, a plant has congeners into the 
country to which it is transported, it is subject to the attacks 
of the insects belonging to that country. This is the case 
with all the oaks, willows, and poplars of North America na- 
turali^d in Europe, and also with the pine tribe, most of 
which suffer when introduced ^m the attacks of hylnt^ &c., 
which are often so fatal to our indigenous fir-tree. 

But althoi^h we are uuacquiunted with any insect vidiich 
accompanies a particular vegetable wherever it may be con- 
veyed, it often happens that, when a plant extends beyond its 
natural boundary, it is accompanied by one or more of the in- 
sects unsupported in its native locality. Thus, it has happen- 
ed, that since pine plantations were multiplied in the vicinity 
of Pu'is, the Lamia wdilis, (the timmerman of the Swedes 
and Laplanders, which they regard with a kind of religious 
veneration), an insect of Northern Europe, and previously 
unknown in that part of France, has begun to make its f^i- 
pearance. The com weevil {Calandra granaria), in like 
manner, seems to exist in whatsoever place the cereal grass&i 
have been transported to. 

Influence of Temperature. — Temperature actson insects me- 
diately and immediately ; in the first instance, mediately by 
its influence on vegetation, which is destroyed by an excessive 
cold, and fostered by heat. The creo-siq>rophagous species, 
that is, such as hve on decomposed animal substances, are not 
exempted from this influence, for the rarity of the qiecies in 
intertropical regions, formerly alluded to, probably arises 
from the rapid decomposition of carcasses occasioned by the 
excessive heat, which makes them entirely disappear almost 
in a few hours. Whence, it follows, that only such species as 
are developed with extreme rapidity, the muscidse, for ex- 
ample, can alone live in these climateg. The coleoptera, 
whose growth is much more tardy, would have no time to 
operate upon a dead body, and it is in this order in particu- 
lar, that the rarity of which we speak is most notable. 

The direct effects of temperature are not less important, 
although they do not act so powerfHiUy on insects as on plants. 
The latter, in fact, require a determinate degree of heat for 
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a certain period, and can resist only a certain degree of cotd. 
In absence of the former, the-seeds fail to ripen ; if the latter 
be exceeded, the plant is destroyed. In these respects, insects 
are not confined within such narrow limits. 

It is tme that they also reqnire a certain temperature at a 
particular period of their lives, that, namely, of their transfor- 
mation into perfect insects ; but this period may be prolonged 
almost to an indefinite extent, without compromising the life of 
the animal. It has been proved that, by placing a chry^is 
in an icehouse, its exclusion may be retarded for one or two 
years, and that during this stage of its life, as well ns while a 
larva, many insects may be frozen without causing death. 
\ow, let us suppose, that, by some sudden change in the con- 
stitution of our planet, the temperature of winter were to con- 
( inne for an entire year. On the retura of warmth, almost 
the whole vegetable kingdom would be destroyed in our cli- 
mates, while insects would preserve the greater part of their 
species. What maintains their races, is, then, the established 
order according to which nearly all, as in our countries, pass 
the winter either in the egg, larva, op nymph state. Indivi- 
duals which sometimes pass this season in the perfect condi- 
tion, invariably take refuge in suitable retreats, and aro thus 
preserved from injury, like plants protected by a covering of 
snow. 

The extremes of heat and cold, as has been remarked by 
Ml* Macleay, are much more essential in determining a locality 
than the mean annual temperature of the year. In this, we 
viin discern the reason of certain remarkable phenomena, such 
as the following : that the intertropical forms of insects are 
prolonged much farther north in Uie New than in the Old 
C'ontinent, which is the reverse of what botanists have ob- 
se.'ved in regard to plants. Thus, we find in the vicinity of 
New York, 40" 46' Lat N. Phanceui camifex, Butela sexpunc- 
.ta'a, Gynmotis nit^a, and a considerable number of other 
species belonging to genera, essentially equatorial ; while the 
insects of Oporto or of Rome, situate under the same paral- 
lel, have &/acies infinitely less, resembling that of the species 
of Asia or of equatorial Africa.* 

* lliie dUFereacc, however, it abould be remarked, may partly uise f r cm 
the conntriefl being continuoua, or nearly k>, in one case,wliile Afiicanj^ 
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The comparison of the maxima and minima of tempera- 
ture between Rome and New York, affords tJiie followii^ ex- 
planation of this di^rence. 

Kau ttmpfnture oT the Hmb tempentur* ot tlu ' 

wBimeit maatti, coldest moulb. 

New Totk, + 28 1 B. 3. 7 

Eome, +36.0. + S.7. 

Thus, the difierence between the maximum and minimmn 
of temperature is 31°. 8 at New York, while at Rome, it is 
only 19''.3. An insect in the former of these ootmtries is, 
therefore, subjected to much greater alternations of heat and 
cold than one placed in the other. But, on the one hand, it 
passes the cold season in the state of larva or pupa, without 
Bustling harm Irom it ; and, on the other, it enjoys 3°.l 
more heat during the summer. If it belongs to an equatorial 
genus, therefore, it is placed, at New York, under conditionti 
much more nearly allied to those of its intertropical congeners, 
than an insect at Rome could be. 

Mr Macleay explains, on analogous principles, why the 
coleoptera, hemiptera, hymenoptera, &c., are so limited in 
species in the polar regions, while the culicidse are generated 
in millions during the summer, and are even more annoying 
in these northern latitudes than under the tropics. In these 
regions winter continues nearly nine months, and the thermo- 
meter often descends to — 40" R. while it ascends during the 
Bomroer to + 30" and even to 83°. But this short duration of 
the heat harmonizes with the short lived existence of the culi- 
cidie, which, moreover, pass their early states in the water, where 
they are sheltered from the extreme cold, while the coleop- 
tera, living for a longer period in the perfect state, require a 
longer continued heat, and as they pass their first stages in 
the earth or the interior of vegetables, they are not so well 
sheltered from the cold. 



fomu maybe prevented extending northward into Europe by the intervea- 
tion «f the Heditenanean, M. Lncordaire Btatea, that equatorial forniB are 
represented in Europe bj icarcely more than two species, Danait dirgtip- 
pm, which IB found in Calabria, and Charaxa janiu, which extends its habitat, 
as far as the middle of France. Piuidia, Akit, Scaanu, Brachgeenu, &c. 
which are found aroand the basin of the Mediterraneu), do not belong 
to the formB in qncation, but to those of tho temperate lone in the vlcinily 
of the tropics. 
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Temperatore at oDce influences habitats and stations, but 
' its effect on the former is much greater than on the latter, 
for it varies more from one country to another, than in the dif- 
ferent localities of the same country. Yet it is of importance 
for the entomologist to know in what the various staUons dif- 
fer in this respect, in order that he may regolate his research- 
es accordingly. Thus, in oar temperate climates, certain 
carabidse, sui^ as the cyehri, frequent, in preference, places 
expired to the north, while the opponte of this takes place 
with the ateuchi. 

Influence of Light. — Light has little influence except on the 
cokiration of animals, and it would have been imnecessary to 
mention it here, hod it not been for the purpose of refuting 
an often repeated assertion, that insects are more brilliant in 
colour the nearer their habitat approaches the equator. This 
is true in this sense, that mcve brilliant species are found in 
intertropical countries than elsewhere, and that individuals 
tX the same species are more brightly coloured the more 
southern the country they inhabit. But there is another law 
which «eemB to bare regnlated the coloration of these ani- 
mals, viz. that species are more brilliant in those regions which 
are to be regarded strictly as their native country, than in 
any other situation. We may find a proof of this in the carabi, 
which predominate in the northern temperate zone ; the Si- 
berian species, which are very numerous, being iiilly equal 
in colour to those of Southern Europe and the coasts of 
Barhary. 

According to what we observe in regard to plants, we 
mi^t expect that the kinds which live on mountains 
would be more deeply tinted than such of their species as in- 
habit plains, but the contrary is most frequently the case. In 
the Alps of Dauphine, for example, there is a variety of Cara- 
bus auratu9, which is quite dull compared with the type of 
the qtecies found in other parte of France. 

Light has an influence on stations merely. Many species 
delight in ahnost complete obscurity ; others prefer the deep 
twiUght of forests. In general, it is those only possessing 
powers of easy and r^id flight, which expose themselves for 
a long time to the ardent heat of the aun ; the^ are also ob- 
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sierred to be, for the moet part, more warml; colonred tbau 
any other kinds. 

■ InfluetKe of Soil. — As iusects do not derive their nodrish- 
ment immediately Irom tlie soil, the latter, considered mineral 
logically, can act on them only indirectly through the me- 
dium of the plants which grow in it If there be insects, BOt 
of a fossorial kind, i^cb are found only in calcareous b<^ 
(according to Latreille, Licinug, Bhodocera, Cleopatra, and 
many Dagytet are so circumstanced), it is because the plants 
on which they feed grow only in such earths. Consequently, 
an acquaintance with the vegetation of a locality, enables us, 
in a considerable degree, to determine what kind of insects 
inhabit it, even althou^ we be ignorant of the kind of nouri^' 
ment they require. 

It is at the same time true, that it is possible, merely irom 
an inspection of the soil of certun coontries, to indicate a 
priori what fiimilies of insects are likely to prevail there. 
Thus, an arid, rocky, and above all, a saline soil, sach as is 
foond in Central Asia, Peru, and Tucuman, announces, an- 
teriorly to all examination, the presence of Melasomae. But it 
is proper to remark, that in this case, in our supposed igno- 
rance of the vegetation, it is the more imperatively necessary 
to take note of the temperature, for, in northern conutries, 
tracts are to be found anaktgoos to those of which we now 
speak, which do not produce a single melasoma. 
V With regard to fossorial species which excavate the soil in 
order to obtmn a place of retreat, and for the pnrpose of de- 
positing their eggs, it is obvious that they will frequent only 
such as does not offer a great degree of resistance. Each of 
them, however, shews marked preferences ; Spkex, for example, 
burrows only in fine and very light sand ; CHcindela hybrida 
prefers gravel mingled with a little vegetable mould ; Ammo- 
baliu the beaten earth of pathways, &c. 

Under these two points of view, soil has influence on sta- 
tions rather than habitats, but the inverse takes place with 
respect to its physical constitution, that is to say, its elevation 
above the level of the sea, its inequalites, the water on its 
surface, Eic 
- As mountains modify the isothermal lines in the same 
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manner as latitude, they produce the same effects on insects 
as the latter. It often hi^pens that a species which frequents 
plains in northern regions, only recurs among mountains in 
coontries farmer south, without existing at all in the inter- 
mediate districts. Thus the Parruugus jipoUo, whose special 
native country is Sweden, when it frequents plains and hills 
of inconsiderable elevation, is again found among the heights 
of the Alps, tiie Pyrenees, and even the Himalayas. For the 
same reason Carabtis auratut, which inhabits the plains of 
France, b not met with in Italy, except on the highest moun- 

These latter, it must be observed, have also their peculiar 
species, which are arranged in a certain gradation over these 
declivities after the manner of plants, but without the same 
r^ularity as these, in consequence of the power of locomotion 
which they all enjoy in a greater or less degree. 

Finally, mountains, when they form continuous chuns like 
the Andes in America, and the Himalaya in India, present 
an almost insuperable barrier to the diffusion of insects. 
. Their locomotion being infinitely less powerful than that of 
mammiferous animals and birds, does not enable them to sur- 
mount such natural obstacles. It is thus that Mendoza, si- 
tuate at the foot of the Andes on the east side, has scarcely 
a angle species in common with Santiago in Chili, which lies 
under the same parallel, and is not fifty leagues distant in a 
direct line. 

The running waters which traverse continents have but an 
inconsiderable influence on the progress of insects, since the 
largest of them, such as the Amazon, La Plata, and Missis- 
nppi, are by no means of sufficient breadth to produce an ef- 
fect of this kind. If the species of the opposite banks are 
dissimilar, as sometimes biqipens, the explanation must be 
sought for in other causes, particularly those influencing the 
vegetation. At the same time it most be admitted that the 
aquatic insects of a country will be numerous in proportion 
to the abundance of its waters. 

Inflvence of Organised Beingt.--~Ceriavn manunifene and 
entire families of birds, live at the expense of insects. Their 
multiplication has consequently a powerful influence on that 
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of the latter, and may even go so far as to put almost a com- 
plete stop to it, in localities of an insulated description. In 
the last century, the inhabitants of the tsle of France intro- 
duced a species of Alcedo or kingfisher, to destroy the locusts 
which ravaged their plantations, and these birds freed them 
from the evil in a shOTt time. They had even a considerable 
effect on the entire eutomol<^ of the island. 

Enemies not less numerous nor less formidable are to be 
found in their own class. Not only do the carnivorous spe- 
cies devour each other, bat many of those which are phyto- 
phagous feed their larvae with other insects. This is probably 
the reason, at least in part, of the preponderance of certain 
families over others. May we not, for example, to a certain 
d^ree, account for the multitudes of phytophagous coleoptera 
in intertrt^ical countries, by referring to the limited number 
of carabids which exist there P 

There is still another way in which insects exercise influ- 
ence on each other, by modifying their stations. In our la- 
titudes, the carahidie, with very few exceptions, live on the 
surface of the ground. In equatorial America, on the con- 
trary, the greater part live on trees. This appears to arise 
from the innumerable legions of ants which have taken pos- 
session of the soil, and construned them to take refuge on ve- 
getables.* 

Finally, man himself is not without exercising a great in- 
fluence on insects, both with regard to their habitation and 
stations. He has transported them either voluntarily or with- 

* The eaaae here BBsigned bj H. Lacordaire for the difFereuce ia quei- 
tiOQ, acarcelf eeems fatisfactorj, for, even though adequate to produce the 
alleged effect, its operation mnst be confined to particular locnlitieB. It 
must donbtlesa be sought for leaa proximatelj in the benign ordination bjr 
which over; aninutl ia adapted to the circumitauce* in which it is deetined 
to exist. In coantriei bo deuaelj clothed with vegetation, the expansive 
and E^moat eontinnons foliage forms the platform en which insects live, ra- 
ther than the anrface of the ground, which is frequently in deep shade, and 
therefore uncongenial to their nature. The habits of tropical carabida arc 
therefore primarilj and neceasarilj' arboreeJ, because it is on trees that the; 
find their appropriate food. No chuige of oondition in the soil itaelf could 
change the habits of the oarabi of ncnihem latitudss so far as to make 
them frequent trees, because the; are often i^>terou8, and otherwiae un- 
fitted for such a mode of life. 
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oat his knowledge, to great distances ; as has been the case, 
for example, irith the common hive-bee, which he has intro- 
duced into the new continent, and the Blatta Americana 
which he has conveyed to Europe, where it is now completely 
acclimatised.* With regard to stations, he modifies them by 
changing the vegetation, the temperature, and other physical 
conditions. Of this we are comparatively insensible in coun- 
tries like those of Europe, which have been cultivated from 
time immemorial, bat it is striking in those which are covered 
with primitive forests. M. Lacordaire has observed, as a com- 
mon occurrence both in Brazil and Cayenne, tliat wherever 
the natural wood was cat down for the purpose of forming a 
plantation, along with the new plants new insects appeared 
which were but very rarely seen in the surrounding forests. 
Thence in these countries, the researches of the entomologist 
instead of being retarded by the burning of the forests, are 
rendered more fruitful. If these clearings, however, arc 
made on a very large scale, the contrary sometimes takes 
place. M. A. de Saint-Hilaire has noticed that insects have 
disappeared almost entirely from the plateaus of the province 
of Minas and Brazil, ance they were deprived of wood, and 
overrun by a graminivorous parasite, the Capiagordura, which 
chokes all the other plants. 

Influence of Locomotion. — It is evident that the influence of 
this cause will he the more powerful in proportion as the spe- 

* H. Lacordkire mentions tbe following as a curious instance of theiniui. 
ner in wUoh insecla are Mmetimes transported to greftt distances trom 
(heir native hannts. In 1825, when on his way from Buenos Afres to 
France, he found, when under the line, aliving example of mowiolaniunitor, 
an Insect of the north of Europe, and an inhabitant of Britain, clinging to 
the shrouds of the vesseL Shortly after, the Bailors brought him several 
others which they had found in other places. The carpeQ(«r having occo- 
ai<m to cut a plaolc of fir, several moaochami issued from their holes, to the 
amount of about a dozen. The insects had thos travelled from Norway 
to France, then from France to Buenos Ayres, where some of them must 
have been discloaed, but it is doubtfiil whether they could have been ac- 
climatised there, as there are no pines. Many eiuunplea might be men- 
tioned similw to this : moMocjlomui dtntator, a North American species, has 
been talcen at Havre ; cordyZocera f»tiiiipMnt,anativeof8enegal,ncar Paris; 
a pjrofkom (one of the luminous elateridte) in the same city ; and to men- 
tion no others, the huge bird-spider (mygiAe aaeuleuia) at Rouen. 
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cies possess greater powers of Bight, and that it will conse- 
quently operate chiefly on the diurnal Lepidopters, the Hy- 
menoptera, the Diptera, and a few Orthoptera, which are 
most remarkable in this respect. One of the most interesting 
examples that can he cited of the diffiision of a species irom 
this cause, is that of the bees brought from Europe to North 
.America, They have agtun become, as is well known, almost 
completely wild. According to M. Warden,* the common 
hive-bee was unknown, in 1797, to the west of the Mississippi 
Foorteen years after, it had not only crossed that river, but 
had ascended its course, as well as that of the Missouri, to a 
distance of six hundred miles. It had thus advanced at the 
rate of forty-three miles yearly. 

Catues of Staliong aiid HabitaU. — We now come to inquire 
whether stations and habitations can be explained by all the 
physical conditions which have been alluded to. With r^;ard 
to stations, the case seems not at all doubt^l. An insect in 
this resembles all other animals, that it can live in a locality 
only as long as it finds there the conditions of nourishment, 
temperature, light, &c. necessary to its existence, and as long 
as other organized beings do not drive it away. It will mul- 
tiply the more abundantly within the limits asmgned to its 
species, if these conditions are united in a high degree, and if 
some of the principal of them are withdrawn, it will either 
quit the locality in question or perish. 

Still, when we come to the actual application, we often find 
it very difficult to explain certain diversities of station observed 
among species of the same genus, whose habits are entirely 
alike. For example, M. Humboldt has noticed (and M. Lacor- 
duire has made the same observation in Guiana) that in the deep 
forests of the Orinoco, notvrithstanding an entire similarity in 
t lie conditions of temperature, humidity, light, &c. the different 
species rX Marittgouins (or musquitoes) are stationed in very re- 
stricted localities, in so much that each canton and each river 
possesses its peculiar species which never leave it nor mingle 
with the neighbouring species. In such cases, there must be 

■ ¥jMa 8t»ti8tiqne,politique,ethii(oriqne,»irle>EtiUH-aiuBd'Anieriqn«, 
iw. iii. p. 139. 
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certftio coDditioDS wliich we know nothing of, and which we 
are ignorant where to look for. 

It is easy to demonstrate that the causes above mentioned 
are of no account in producing the existing diversity in tiie 
habitatkins. In regard to that, one of two things must have 
taken place ; either the species have been created simultane- 
ously on dil^rent points of the globe, in which case the ques- 
tion resolves itself ; or else, as the generality of naturalists 
formerly thooght, they were created at one point whence 
they were ^read over the rest of the globe. But if this had 
been the case, the species must have been otherwise distri- 
buted than we now see them ; they would have been spread 
in the direction of the isothermal lines, and the same Epecies 
would be found encircling the globe, following the flexuosities 
of these lines ; if they became gradually modified as they re- 
ceded from the point of departure, they would follow, step by 
step, these successive modifications. But we witness nothing 
of this bind, and consequently it is more than probable that, 
at the origin of things, Providence placed these animals in 
the places where we now see them, adapting each to the cli- 
mate under which it was destined to live, and conferring up- 
ra it at the same time a sufficiently flexible organization to 
admit of its departing more or less from the centre of crea- 
tion. Physical conditions would only have the effect of mo- 
difying slightly this primitive distribution. 

Another question remains to be discussed, intimately con- 
nected with the preceding, namely, whether we ought to con- 
aider as derived fiwm the same stock, individuals of certain 
species which are spread over the greater part of the earth, 
or which exist in countries widely remote from each other. 

When two countries, however distant, are in communica- 
ticn by means of intermediate countries, and the insect spe- 
cies phytophagous, and of powerful flight, we may suppose 
that it has advanced insensibly into these countries, wherever 
it found the plant suited to it. It is thus that we can ex- 
plain the dispersion of Fenutta eardui through Europe, Asia, 
Africa, and New Holland, because, in the caterpillar state, it 
lives on the carduacee, malvaceae, urticcK, &c. femilies of 
plants which have all representatives in these countries. - And 
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these countries, besides, are in coDtinnit; witii eseh other, 
except New Hollasd, which is, however, so near the Indian 
Archipelago, that it may receive a species from thence. Bat 
it becomes more difficult to explain its presence in America, 
where it likewise exists, especially in the United States. M. 
Lacordaire has likewise taken it in Cayenne and Brazil. How- 
ever, we may still account for the fact by supposing that it 
has passed by the north irom one continent to the other, c^ 
that the eggs have been transported along with the plants 
on which they were deposited. Numerous instances of such 
transportatioDS occur among the Lepidoptera. Among these, 
that of Nymphalia Bolina may be cited, a species proper to 
Africa and equatorial India, but which is likewise found in 
Cayenne, whither it has, no doubt, been conveyed along vrith 
some of the numerous Asiatic and Aftican vegetables accli- 
matised in that coimtry. 

We may admit the same cause in regard to certain creo- 
phagous species, which, in the larva and perfect state, live on 
dried animal substances, such as skins, and thos expliun the 
existence of Corynelet ruSpet in Europe, California, Buenos 
Ayres, and New Holland ; that of Dermeitei vulpinut in Eu- 
rope and the greater part of America. But there are cases 
in which an explanation of this nature will not avail. 

Thus, the Preatonychus complanattta, a species of southern 
Europe and the coast of Barbary, is found on the mountains 
in the neighbourhood of Valparaiso in Chili, and that is the 
only spot in America known to produce it. The moat mi- 
nute comparison fails to discover any difference between in- 
dividuals taken in this locality and those of Europe, bo that 
their specific identity cannot be questioned. But how can we 
explain the presence, in places so remote irom each other, of 
a carabideous insect which is by no means common, which 
lives, as a larva, in the bosom of the earth, which never 
comes in contact with man, and which the latter consequently 
could not transport &om one place to another ; in this case 
it appears necessary to admit that there have been two primi- 
tive stocks, each of which have propagated themselves in their 
separate localities. 

If a multiplied ori^ is rendered thus probable in regard 
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to one speciea, analogy authorizes us to infer that the same 
thing holds with many others, even in cases where it is abso- 
lutely impossible to explain their distribution- This is, in 
some degree, a consequence of the creation of spedes on ma'- 
ny points of the globe at once ; for, if nature thus create dif- 
ferent types at many points, why may she not have repeated 
in one place, a tjrpe which hod been already produced in an- 
other P A final consideration may be derived from plants, in 
regard to many of which botanists acknowledge a multiplied 
origin ; and, in the present case, inferences regarding the 
animal may be legi^mately drawn from the vegetable king- 
dom. 

(To be continued.) 



Obtervaliont conceminff the Milk of Cowt, labouring under an 
Epidemic Sitorder, called Cocote, together with general 
consideration* concerning such matters as mag injuriouslg 
affect the Animal Economy, and be discovered in the diseased 
products, or in the atmosphere or water. Presented to 
the Academy of Sciences by the Chemical Section, M, 
Chbvbeul, Reporter. 

Dming the past winter, 1688-^, the milch cows of Parb 
and its vicinity have very extensively been visited by one of 
those epidemics, which lunong our neighbours is recognised 
under the name of epizootic, and among ourselves as a mur- 
rain. The same species of complaint had not been witnessed 
in Paris since the year 1810, and the attack of the current 
year, though very general, affecting most of the cattle, was 
not of a very aggravated nature. Though the mortality was 
not great, it produced most marked, and often unpleasant ef- 
fects upon the milk, and thus a set of the most interesting 
phenomena, concerning epidemics and their effects upon the 
frame, and especially on the secretions, were brought under 
review ; and not only as affecting the lower animals, but also 
by an easy and natural transition, upon man himself. Dr Al. 
Donn^ led the way in these investigations. In the year 1837, 
he published a pamphlet Upon ifili, and especially upon that 
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of tvet-nurtea, atui U» regarded nutritive qualitiet, good and bad, 
and the atteralioni it underteent. On the ontbreakiDg among 
the milch kine, he ondertook most mmiite chemical inveetigit- 
tions into the changes effected on the milk of the animals la- 
bouring tmder the disease, and communicated the results to 
the French Academy. A commission was thereupon t^point- 
ed, whidi still ferther prosecuted the inquiry, dwelling more- 
over upon the effects produced by the ose of the milk &om the 
diseased cows, and more especially insisting upon the more ger 
neral subject " of lAoge reaearchet which ought to be .under- 
taken, mherebjf chemittry mould throw all poatibU light upon 
murraina, upon epidemics and eontagioua dieeaeea," As the 
report of this commission extends far beyond our limits^ and 
much of it bears upon the peculiarities of this epizootic, we 
dull pass at once to the more important and general discus- . 
sion we have just announced. 

When murrains, and still more when epidemics or contagious 
disorders which affect mankind occur, the serious losses which 
the former occasion among the animals which supply our daily 
food, or which we employ in labour, and the heart-rending deso- 
lation which the latter occasion among the crowded populations 
they attack, uid the hidden mystery respecting the nature of 
those influences which threaten the existence of alt who fall 
within their sphere, are so many urgent causes which induce 
us to seek for all the information we can posably obtain. 
It is under these circumstances, tiuit often mnch astonishment 
is expressed that chemistry can supply no response to the 
crowd of inquiries which are made ; and the more so, that 
much is expected, as it is generally understood that this 
science can do much in penetrating into the intimate nature 
of all bodies. If this science is still incapable of answeringto 
many of the questions which are suggested by &e appearance 
of these dreadful scoui^es, it will be usefol to point out the 
reasons of this inability, and afterwards to demonstrate what 
may be expected when the limits which now confine its ope- 
rations shall have been extended. 

The inquiries to which the science of chemistry should be 
able to respond, respect the nature of matters belonging to two 
very distinct categories, viz. Itt, Concerning the organic ma- 
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teriols which go to the fonnatioD of animals, such as the blood, 
bile, milk, &c. and also the flesh, nervous matter, &c. ; and, 
2d, Concerning the nature of the materials of the exter- 
nal world which exert an influence upon the organised beings 
which are a£9icted with the scourge. Such are the waters, 
which may be drunk ; and, still more, the atmosphere, and such 
agents as it may hold suspended. 

Article I. — Quettion concerning the nature of organic matter. 
The knowledge of the disorders which are introduced into 
the animal economy, by the inva^on of a disease, requires, to 
be at all scientific, that the physician should define the symp- 
toms of the complaint ; that the patholog^t and physiolo- 
gist should describe the lesions which have taken place in 
the organs of the individuals who have become its victims ; and, 
finally, the chemist examines the solids, fluids, and excre- 
tory products, that he may point out the modifications they 
have undergone from the disease. Hence, il it necessary to 
have direct analyses of alt these matters in their healthy state, 
that they may serve as tbrms of comparison to the correspon- 
dent materials taken from those afflicted nilh sickness, and 
tekich ought to be submitted to analogous analyses. These ana- 
lyses, however, which must supply the very terms of compari- 
son, and which imply an acquaintance with proceedings so 
precise, as to enable us not only to give an exact enumeration 
of the immediate constituent principles of the solids, liquids, 
and the various excretions, but also the relative propor- 
tions in which they are foimd — ^for it is clear, the difficulties 
will be great when the essential principles of life appear in 
different proportions from those which are required in the 
healthy state of the being they form — these analyses, we say, 
ice have not. In &ct, we have not yet reduced to precise for- 
mula the processes which are necessary for the exact deter- 
mination of the immediate principles of the blood, bile, &c. 
so that a chemist perfectly master of the most recent scientific 
methods, can find no one prepared to bis hand whereby at once 
to analyze a specimen of any substance which may have been 
precipitated ; uid, moreover, there is still much uncertainty 
concerning the properties which characterize certain prozi- 
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mate principles, whose inflaeitce in the aoimal economy is most 
importftnt As exan^iles, we name csfieum, fibrine, and the 
aJbrnnen which is united to a Bu^huroufi compound, and with 
whose nature we are entirely ignorant. We may even add, 
fjiat the direct quantitive analysis of milk has not adrancsd 
progreasirely wiUi the experiments which have demonstrated 
that its butyrin is very complex, as it contains, in the milk of 
cows at least, besides the stearin and the elain (oUine}, a sub- 
stance which is much more soluble in alcohol than these latter, 
and which is probably formed of three different substances, 
fm^/rin, caproin, and caprine. 

The effect of this state of matt«rs will at once be seen by 
those who are at all acquainted with chemistry, namely, that 
without the direct analysis of the parts in health, and of pre- 
cise formohe whereby to execute them, when at any given 
time it is necessary to compare a diseased organic substance 
with a corresponding heathy one, we are destitute of the princw 
pal data, andofthe very/^m«^C0i»j?amt>n; and this difficulty 
of arriving at a aatis&ctory result is much increased by the 
small quantity of matter which is supplied to the chemist, and 
by the shfM-tness of time during which he can procure even 
this small quantity, since the diseased substances are almost 
always changing their natnre, and hence it may be impos- 
uble to verify an important induction suggested by the experi- 
ments made upon the last portion of the substance he had 
received. 

We shall now advert to the difficulty of the direct normal 
analyses, and to the methods, the prosecution of which prcK 
mise the greatest prospect of a favourable termination. 

Were we to propose to an able chemist experimentally to 
undertake to establish the normal analysis of an animal li- 
quid, such as the blood, or milk, we believe he would com- 
mence with, the condition of mwntaining the existence ni 
every substance which he isolated, as he would do were he 
perating upon metals forming an alloy, or upon oxygenous 
ciHupounds forming a stoney mass. We shall demonstrate 
this proposition by incontestible facts. 

Previous to the time when the various bodies which 
form the chief mass of the fatty sohttances most com- 
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monly found in man and the domestic animab were ac- 
curately distinguished, a fattg matter wafl regarded as hold- 
ing a place among the constituent principles of blood, bile, 
&c. ; and it was stated that alcohol and ether, by reacting 
upon flbrin, tendons, and the tissue which, by boiling water, 
is transformed into gelatine, produced a fatty matter at the 
expense of the elements of these aubstancea But here this 
phrase, fatty matter, expressed nothing more than this, 
namely, that there mat found in the biood and in the bile, ^c, 
and ao in the alcohol and ether which had acted upon Iheae 
animal tubatancet, an infiammable matter which wot insoluble 
in water, and toluhle in alcohol and in ether. Besides, the 
most able chemist who would have endeavoured jMrecisely to 
have oharacterized these several fatty sabstancea, without at 
the same time undertaking a course of experiments upon all 
the other substances besides those which were actually sub- 
mitted to his analysis, would have thrown away his time, aa 
account of ^e substances detected in the blood, bile, &c. 
being found in too insignificant proportions, and mixed 
up with so many foreign bodies, that it would have been im- 
possible for him to arrive at any precke result. This end, how- 
ever, has been attained without difficulty when, in studying 
the principal fatty substances, readily procurable in quanti- 
ties sufficient for all imaginable experiments, we commence 
with the products of saponification, much more eauly cha^ 
racterized than previous to that process. These last 
have been successftdly defined and characterized ; and fatty 
bodies have been reduced, Ist, into perfectly defined acids ; 
2dly, into neutral saponifiable bodies, that is to say, such as 
are reduced by alkalies into different well defined products ; 
end 3dly, into neutral rmsaponifiable bodies. It has thus 
been possible, and without much difficulty, to reduce the tatty 
matter of the blood into the fatty matter of the brain, and 
into margaritic and oleic acids, and choleeterine ; and the 
fiitty matter of the bile into cholesterine, and into margari- 
tic, oleic, and other acids. It has also been easy to recog- 
nise the tatty matter of the brain in the fibrin of the blood, 
and stearine and oleine in those tissues which may be reduced 
to gelatine. 
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We conclude from these fiicts, that, in undertaking, with 
any hopes of success, a direct normal analj'ais, we must first 
he certain that we define, if not all the proximate principles 
of any given organic suhstance, at least the principal of them, 
respect heing had to the importance of their properties, and 
the great proportion in which they are held ; and if this cer- 
tainty cannot he attained, and we do not recoil before the 
troublesome labour, we must then seek for those proximate 
principles which we judge to be the most analogous to those 
we wish to separate from the substances in which they are 
most abundant, most isolated, or in the state of easiest se- 
paration ; so that we may study their properties, and select 
those essential characters which will be recognised with 
most facility, and which will serve as the distinguishing cha- 
racter whereby we may judge whether the separated principles 
of any substance of which we are desirous of making the nor- 
mal analysts, are identical or only analogous to the first- 
There is one consideration which ought not here to be 
omitted, viz., that there are sometimes globules, and these 
occasionally so small, that, simply suspended in animal fluids, 
they are perceptible only with tJie help of a lens or the mi- 
croscope. In all cases, therefore, of the analysis of liqiuds, and 
even in that of those substances which appear homogeneous 
to the naked eye, it is quite indispensable to have recourse 
to optical instruments, that we may ascertain if there be 
globules in the fluid, and several distinct substances in the 
solids. If globules are present, the; must be studied as bodies 
independent of the fluid in which they are discovered ; and if 
distinct parts are found in a solid, they must, if possible, be se- 
parated mechanically ; and when this is not practicable, we 
must have recourse to the simplest reagents, such as water, 
alcohol, ether, &c. Let us dwell for a moment on the mode 
in which the chemist should examine globules. 

If, with the help of the microscope, we ascertain the form 
of the globules, and traits of an organic structure, if ex- 
isting, or any alliances of a physical kind which they 
may possess, either among themselves or with another sub- 
stance which is not globular, then these fflobules, as matter, 
entering aitkin the domain of chemistrt/, ought to be studied 



and the Caute of Epidemic Disordert. 117 

in relation to their intimate composition, and under that of 
the elementary composition of their proximate principles, if 
resulting from the union of several of these principles ; this 
study presupposes that they have been isolated from the liquid 
in which they have been disseminated, and, hitherto, it is but 
too true that but very feeble attempts have been made to suc- 
ceed in any endeavomrs of this kind. Although it b confessed 
that difficulties present themselves to the isolation of the glo- 
bules, we cannot too much insist upon tbe advant^e it would 
be to the natural sciences were one and the same observer to 
devote his efforts to tiie comparative study of all the globules 
which are found in animal fluids, so that the analogies and 
the differences which exist among them might be ascertained. 
The experimenter should absttun Irom forming alliances of 
identity, which are based only on form which, even on ac- 
count of its simplicity, may belong to very difTerent kinds of 
bodies ; and he ought never to forget that the identity in na- 
ture can never be demonstrated but where there is identity of 
chemical properties, among which we comprehend elementary 
composition. An observer might deduce many valuable con- 
clusions from the use of reagents, and especially if he were 
carefiil not to confound them with the phenomena which 
might be produced by their action upon bodies dissolved in 
liquid in which globules existed.. 

. From the preceding considerations, which have a direct 
relation to questions concerning the nature of organic sub- 
stances in general, we pass to the stady of milk id particu- 
lar, which is tbe special object of this report, and may con- 
clude, 

1st, That not only is the analyds of healthy (normal J milk 
wanting, but even that the present analysis is not up to the 
level of the labours which have put us in possession of the im- 
mediate (imposition of butter, since it has been considered, 
in all the analyses which have been made since these suc- 
cessful labours, as a constant substance, and without taking 
any account of the respective proportions of the stearin, the 
olein, and the butyrin, and also of the c^roine and caprine 
which form it 
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3d, That caaeum has not been Bufi&ciently studied in rela- 
tion to the other principle containing nitrogen, guch ae fibrin, 
albumen, coagnlated albumen, eo that, in the analyMs of dis- 
eased milk, it is impossible to express a precise i^inion con- 
cerning the modification which the caseum may have under- 
gone from the disease. 

3d, Nothing can more strikingly demonstrate how very 
vague our real knowledge of healthy milk now is, than the 
difficulty we have experienced, when we would, in this pi^er, 
state its action upon coloured agents. Macquer, in the Dicl. 
de Chimie, informs us that the healthy milk of a frugivorous 
animal is neither acid nor alkaline, but neuter. M. Bouillon 
Lagrange in the Ann. de Chimie, torn. 50, states, that milk re- 
cently drawn reddens tnmsol paper. M. Thenard, in the 
59th volwne of the same work, recognised the same property 
on its issuing &om the mammary glands ; and Thomson and 
Berzelius are of the same opinion. In a journey which Messrs 
Gay Lussac and Darcet made in Bel^um in the year 1826, 
they found the milk alkaline, when drawn from the cow, in 
forty different fti^ima l^ M. Payen observed the alkaline cha- 
racter of woman's milk in a number of instances, and its 
neutral state in the goat (Journal de Chimie Medieale 1828.^ 
M. Lassaigne Clb. 1832^ having examined the milk of a 
Swiss cow two and twenty days before calving, found the 
milk, or rather the liquid which represented it, alkaline ; but, 
eleven days after this trial, the milk had become acid, and 
tiiis character continued after it had calved. Finally, and 
more recently, M. PUigot and M. Lassaigne have ctmridered 
acidity as a property of healthy milk. 

We have con^dered this difference of opinion upon a fact 
which may easily bo determined, was a powerful motive to 
induce us to add some new observations to those we have 
just mentioned. One of the members of the Conmuselon ac- 
cordingly went to the Veterinary School at Alfort, where M. 
Lassaigne had the kindness to put him in circumstances which 
enabled him to establish the following facts. The milk be- 
lon^ng to three English cows, of which one had calved eight 
months before, and the other ten, when drawn from, the udder 
and applied immediately to paper reddened with tnmsol, made 
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it blac ; it ma$ therefore alkalme. The milk of two goats, 
whoee kids were ten months old st the time of the experi- 
ment, was alkaline. Finally, two Merino sheep of pnre 
breed, taken &om a flock of forty ewes, the one of which had 
dropped her lamb two months before, and the other three, 
nulled milk which also was alkaline. Here, then, we have 
seven specimens of milk, taken from seven individoals be- 
longing to three different species of aiiimala, all of which were 
alkaline. Does it therefore foUow that milk always possesses 
this property in its healthy state 1 We should be tempted to 
draw this absolute conclusion from onr own observations, and 
frvm those analogous ones formerly made, which we have cited ; 
but, on the other hand, when we remember that chemists, 
celebrated for their accuracy, have stated that they have etla- 
bliehed the neutral ttate, and even the acidity of milk rohenfiret 
dranm ; and that M. Lassugne has found in the same animal, 
whilst Bn\^act to a constant regimen of Bovrisbment, that 
the milk was first alkaline, and a^r a time became acid, the 
Commission cannot consider that it has settled the question. It 
will therefore only say that healthy milk spears to be usually 
tligktly alkaline, and that future observers must still determine 
^ there be circumstances in nhich the milk becomes acid, mlh- 
out it being possible to recognise in the ant'mo/ mhieh produces 
it, the sl0htest symptom of disease. It will be understood that 
we speak only of milk at the moment it is drawn from an 
animal in health ; fen- we know that disease or any sudden 
agitation has made the milk acid. 

ith. To those difficulties which arrest the chemist in the 
accurate study of milk in its healt}:^ and diseased state, and 
on which we have already dwelt, we must add another, which 
arises from a want of precise knowledge of the true composi- 
tion of the morbid products which may be mixed with the 
milk in the mammary organs ; of which pus is a good exam- 
ple. If the observation of the in(»:bid state of the organs in 
which it is found, enables the i^iysician to apply this iqtplic&- 
tion without a doubt, it is very different with the chemist who 
shall be required to recognise and demonstrate the presence 
of pus in blood, mUk, &c., because, fw an indisputable demon- 
stration, he must neither confine himself to a microscopic obser^ 
vation, nor to the phenomena produced by reagents upon sub- 
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stances whose minate nature is indetennined. In fact, it is not 
sofficient to have determined by the microacope a difference 
between the globules of a healthy fluid, and those of this 
same fluid which has been mingled with pus, that we may 
thereby be in a condition to supply the demonstration of 
which we are speaking. For, until we have given a apecific 
character to the globules of pus, — until we have defined the 
immediate principles which constitute it, and the characters 
of these principles, — until we have defined all the substances 
which may produce pus, — and the circumstances which, by act- 
ing upon some of its principles, cause it to become putrid, it 
will be impossible to solve with certainty the question which 
we have proposed in general terms. To justify this conclu- 
sion, we have only to state, that cologtrum (an ingredient of 
many milks for some time after parturition) has the property, 
according to M. Donnii, of thickening the milk of which it 
forms a part, on the addition of ammonia, as mnch as pus it^ 
self. 

Article \\.~-Coneeming the nature of those tiUatanees of the exter- 
nal loorld which exert an influence over organized beingt. 

The atmosphere has such a vast influence npon the exist- 
ence of animals, that, in all times, mankind have been led to 
sospect that it was the cause of many maladies which at once 
attacked a great number of individuals. It was on account 
of this opinion, that, at the time when oxygen and nitrogen 
were discovered to be the essential elements of the atmo- 
sphere, the name eudiometer was invented to designate the in- 
struments intended for detecting the respective proportions 
in which they existed, and, by extension, the presence of 
bodies which might be accidentally mixed up with them. 
Those researches, however, which have hitherto been made, 
with the ol^eot of discovering in an atmosphere, where the 
population has been struck with an epidemic disorder, some 
matter which might be the cause of that malady, have had no 
precise result ; either, as has been asserted, by the discovery 
of some peculiar foreign matter ; or the very reverse, as has 
been alleged, by no difi«rence between the sir of tills atmo- 
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sphere and wholesome or normal air, being recognised. We 
shall dwell, for an instant, on these two cases severally. 

\»t ease. — If we have recognised a compound of carbon and 
hydrogen in an atmosphere which is alleged to be vitiated, by 
means of some absorbing reagent, — or, if we have concluded 
that we had foond a poisonous miasma, because the water, 
precipitated by some means or other Irom this atmosphere, pre- 
sented phenomena which result from the spontaneous decom- 
position of organic substances,— we have not established the 
couclosion in question by experiment, which should have con- 
sisted of a demonstration of the deleterious properties of the 
two substances. This demonstration is absolutelynecessary ; for 
we have only to remember — that oils and empyrenmatic acids 
are unceasingly mixing with the atmosphere in consequence 
of incomplete combustion, — that carbureted hydrogen is ever 
developing itself from morasses,— and that volatile organic 
substances, such as essences, aromas, &c. proceed &om vege- 
tables and animals,^ — to be convinced, that, by submitting s 
sufficient volume of tur to the processes of precipitation, we 
may manifest in ordinary wholesome air, the existence both 
of organic matter and of carbureted hydrogen. 

2d case. — On the other hand, in the case where the pre- 
sence of a miasma or some deleterious substance of animal 
origin in the atmosphere is denied, because, by eudiometric 
methods, we cannot shew it contains any substance which is 
foreign to the wholesome or normal state of the atmosphere, 
oar conclusion is far too rash. For there may be in an atr 
mospfaere some deleterious substance, which shall escape the 
acumen of the chemist, inasmuch as it is in too small a propor- 
tion to the normal air to be recc^^ed by means of reagents, 
precisely as the presence of a metal, which bad not yet been 
described, would escape the notice of the most able analysts, if 
this metal was contuned in an alloy, but in extremely small 
quantity. We ought here also to remark, that if chemical analysis 
should notdemonstrate the existence of this foreign body in the 
air, which accidentaUycontaitiBasubstance sensible to (maof our 
senses, this is not always a reason for our concluding that it is 
incapable of doing so, and even by means of our present me- 
thods ; for it may be possible in two ways, Ist, by the he^ of 
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some mediaiiical or physical method : and 2dly, by the more 
asual means ; but vrbere, instead of seeking for the deleteriovs 
subgtance in the atmosphere, in irtiich it is coutuoed only in 
small quantity, it will be discovered in some solid or liqnid 
snbstanoe, which will fimish it in quantittes saffiaent for ez- 
tensive examination. 

A. i^ tie help of eotne mechameal or phyneai method. — 
We can conceive the possibility of effecting the liquefaction 
or the solidification of a mimma which was iu a state of va- 
pour in the atmosph««, either by compreasioD or by refrigera- 
tion. The deleterious matter thus liquefied or solidified m^t 
ultimately be studied by means of our present chemical pro- 
cesses, in the same way as hydrocyanic acid, morphia, {u- 
crotoxia, strichnia, &c. have been ; and then we should 
no longer be compelled to admit that miasmata escape all 
chemical analysis, or that they are imponderable fluids. Nor 
would the result, whose possibility we now contemplate, be at- 
togetber new in a scientiflc point of view, since Dr Faraday 
has already examined the carburetio hydrogens which have been 
separated by great compression from the common illuminating 
gas. This instance has pre-eminently the advantage of ena- 
bling OS to perceive how the perfecting of purely mechanical 
or phyEdcal methods, which etmdense or refr^erate the gas, 
and collect the liquid or solid products of the condensation, 
may contribute to the advancement of the sciences <£ che- 
mistry, physiology, and me^eine. 

B. Bg the aeiietoMce of the pretent methods. Chemistry may 
succeed in recognising the oatore of a miasm, by detecting 
it, not in the atmosphere, but by separating it from 6<Hae so- 
Hd or Uqnid substance, or by determioing its formation at the 
expense of the proper elements of that substance ; and the 
proof that this suppoution is not unreasonable will be found 
in the following facts. If, before the discovery of ibe volatile 
acids, to wfaiefa butter is indebted for its persistent and cha- 
racteristic odovr, it had been pnq>osed to a chemist, that be 
should discover the nature of the odtvons substance which 
pervaded several pints of lur, after having been for 24 hoars 
in contact with butter, to a certainty he would have fiuled in 
all attempts, and chiefly on account of the insignificant quan- 
tity of the odorous substance. In spite, however, of this, no 
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sooner did searching inTestigation into the products of the 
saponification of batter make us acquainted with butyric, ca- 
proic, and ct^ric acids, than the question concerning the aro- 
mas which batter imparts to the air is actually solved. Start- 
ing, then, from these &cts, let us suj^tose that the air charged 
with the odour of butter, which only affects our sense of smell, 
was deleterioos to an animal, and it will then be manifest, 
that chemistry, which was incapable of discovering this miasm 
in the sir, woold have succeeded in recognising it, by studying 
the substance which produced it ; and this is an example, 
quite in point, demonstrating that careful research may shed 
an unexpected light upon a subject which s^aa absolutely 
foreign to that of the reaearches more especially onder review. 
The waters which are used for drinking suggest considera- 
tions perfectly analogous to those we have been contemplat- 
ing respecting the atmosphere. For, in many instances, it 
cumot be doubted that they do not merit the careful atten- 
tion of chemists, not only on account of the very minute 
quantities of any active ingredient which they contain, but 
also on account of the atmospheric oxygen of which they 
may be more or less deprived, or that they have so far been 
deprived of the contact of ur that they could not absorb 
enoi^h i<a saturation, or because they may have been mixed 
with some ccnnbastible organic matters, which would ap- 
propriate the oxygen they had imbibed from the surround- 
ing atmosphere. At the same time, the great use now 
made in many of the arts of poisonoos compounds, such as 
the salts of arsenic, copper, &c. ought to arouse attention ; 
for it is possible that the waters which have been em- 
ployed in washing staffs impregnated with arsenical com- 
positions may, in some localities, have an injurious influence 
upon animals. It is als* possible that the same effect may 
be produced by those substances containing arsenic, which 
have been buried in the earth, and which, disseminated by 
Bobterranean waters, may appeu' at the surface of the soil, 
far from, the places in which they were originally deposited^ 

Consequences which may be deduced from the foregoing 

considerations. 

Inqairy concerning principles exerting an active agency upon 
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the animal economy which may be found in the atmosphere, 
in water, &c> or which may result from a change of the 
equilibrium in the elements which constitute organic sub- 
stances, whether this change occur in what is caileA firmenta- 
tion, or in the putrefaction of matter which belonged to a liv- 
ing being, or which may take place in an individual labouring 
under disease, should he investigated as among the moBt im- 
portant researches connected with the history of the animal 
economy. If at the present time the chemist is not called 
upon to express his sentiments respecting the definitions of 
the causes to which endemic, epidemic, contagions and infec- 
tions disorders are attributed ; and if in the physico-chemical 
sciences, he discovers reasons for studying the inBnence which 
the wind and sudden changes of pressure produce, also those 
which the temperature and humidity of the atmosphere may 
efiect upon the animal frame, these are the strongest possible 
motives to excite to researches, tending to discover the causes 
of a disease which is destroying a population, in some dele- 
terious substance which may be spread throughout the atmo- 
sphere, or contained in the waters, or in some morbid pro- 
ducts. He ought not, therefore, to be inclined to adopt tie 
opinion of some individuals who have been in too much haste 
to conclude affirmatively that there are no sach substances, 
either as deleterious effluvia, miasmata, or noxious vims, be- 
cause all the researches which have been undertaken to dis- 
cover their existence have hitherto given only a negative re- 
sult ; and, on the other hand, where he does discover some 
particular substance which he suspects had a deleterious in- 
fluence, and which, on further inquiry, he found had not so 
in reality, he must, ere his researches are complete, advance 
to new investigations respecting the animal economy, by em- 
ploying, not only the matter in question but the products also 
which he may procure &om it, under the influence of air, 
water, heat, &c. For example, let us suppose that butyric 
acid was a miasma or poison to some animal, it is evident 
that were the butter destitute of the acid, it would be innocu- 
ous to it, and that if, from the action of the atmosphere, or 
way other cause, it afresh disengaged butyric acid, it would 
hereby become deleterious. Nothing on this sulgect is of 
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more importance to the chemist than the solution of the pro- 
blem, which may be stated in these terms — An effect beit^ 
given, to knoTc the specific nature of the bodies which produce 
it, and the circunutances in which they manifest themselves to 
our obtervation. There are problems, belonging to this ge- 
neral proposition which have been solved, when a compound 
substance, endowed with strong influence upon the animal eco- 
nomy, such as opiimi, cinchona, nux vomica, &c. being given, 
Messrs Sertuemer, Duncan, Boullai, Pelletier, Caventon, &c. 
have extracted from them their active principles. These 
discovenes have so much of a chemical character about them, 
that the spirit whidi made them cannot but direct the efforts 
of analysb when applied to the inquiry concerning the dele- 
terious substances which analogy leads us to presume exist in 
the atmosphere, in water, and morbid secretions, &c. In re- 
commending investigations of this sm^ however, we cannot 
too strongly insist upon the critical accuracy which must be 
maintained throughout. It is not because a peculiar substance 
has been found in an atmosphere which has been suspected to 
be vitiated, or in water which is supposed to be prejudicial to 
health, or that a peculiar proximate principle has been recog- 
nised in morbific products, that we should attribute to this 
body or principle, the cause we are in search of. Such a 
conclnaion can be allowed only where it shall have been 
proved by a positive experiment that the effect whose cause 
we wish to discover, is the result of the mutual action of this 
body, and of a substance belonging to the animal economy ; for 
it should never be forgotten that oflen in the animal ma- 
chine a morbid principle, that is to say, a principle whose ele- 
ments have been associated under the inSuence of some dis- 
ease, may be perfectly harmless upon the animal frame, a^ is 
the saccharine matter of Diabetes. Hence the presence of this 
principle in the morbid matter which contains it, can only be 
an index, a symptom, and not the cause of this disorder ; and 
it is under thb last point of view that the i^lomerated mul- 
berry and mucous globules should be considered in the milk 
of cows attacked widi the eoeote, provided the probability we 
now prasess of the harmlessness of this milk becomes a cer- 
f unty, by subsequent researches. 
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Upon the Retpiralion of Plants. • By Messrs Edwakds and 
Colin. 

In the interesting science of vegetable physiology few or 
no facts are to be found more beautiful than those connected 
with the respiration of plants. The same remark, however, 
can by no means be made concerning the theory which com- 
bines these facte, and ondertakes to explain them. In fact, 
we have always experienced the greatest difficulty in admit- 
ting this theory, whether considered in relation to the respi- 
ration of the seed or of the leaves : and, in truth, scarcely 
any other phenomenon has been recognised in the respiration 
of the seed than the disengt^ment of carbonic acid. This 
is usually explained by the combination of the oxygen of the 
air with the carbon of the seed. According to this view, 
the seed is supposed to be affected only by the atmosphere ; 
the influence of water in this vital act of plants is considered 
either as absolutely nothing, or is limited to that of preparation 
and promotion, and it is held in no way to contribute to the pro- 
duction of the gas which is disengaged. This, then, is the first 
difficulty respecting this theory of germination which presents 
itself; and those which occur in regard to the explanation of 
the respiration of the leaves are still more serious. During 
the night, it is said carbonic acid is disengaged, whilst during 
the day it is absorbed, and oxygen appears under the direct 
rays of the sun. Here, then, are the facts, and here the ex- 
planation which is afforded : the absorbed carbonic acid must 
be decomposed by the plant, which agun must appropriate 
the carbon, luid disengage the oxygen. 

But this capability of decomposing carbonic acid is confer- 
ring upon the plant a power which it is very difiBcult to ad- 
mit ; and it is very seldom found in the mineral kingdom, 
where the very great simpUcity of the composition of bodies 
increases their decomposing power, and where the much 
greater number of elements, scattered throughout the diffe- 
rent compounds of this kingdom, renders it probable that we 

* Bead to the Acodemj of Sciences, Not. 1838. From Annalw des 
SoieoooB NotoraUea, for December 1838. 
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should discover some endowed with this property. Fioallj, 
water, according to this supposition, is of little or no use in 
this action, although it is abeotutely required for plants, and 
we are perfectly ignorant of the part it plays. These are 
some of the considerations which have induced us to under- 
take the examination of this function in plants ; to which we 
were also conducted by some facts brought under our notice in 
agricultural physiolc^, to which we shall solicit attention in 
the sequel. 

Up to the present period, experiments upon the respiration 
of seeds have always been made in the air ; <h- if made in 
water, the phenomena which occurred in the liquid have been 
limited to the explication of what took place in the air ; the 
gas disengf^ed in the liquid has not been examined, and con- 
sequently its proportion has not been determined. What fol- 
lows is an account of what we have done in relation to 
this point, and which has yielded very extraordinary results. 
Our operations were conducted on a great scale, that the ef- 
fects of the experiments might be more distinctly brought out. 

On this account, we selected for our operations a great 
ball-shaped bottle with a narrow neck, capable of containmg 
six or eight pints of water. We filled this bottle, and intro- 
duced forty garden beans of a large size, without any fissure 
in the husk, or any other defect whatever. To this great 
bottle we adapted a bent tube, also filled with water, which 
finally was introduced into a receiver full of the same liquid. 

By this arrangement, the beans were in contact only with 
water, and with the air which it contained, air which, under 
the circumstances, could not be removed ; and this was one 
of those important circumstances which led to all the success 
of the experiments. The first phenomenon which presented 
itself vras the disengagement of air-bubbles, which proceeded 
from the beans. These bubbles were at first very minute, in- 
sensibly tiiey increased in size, and in the space of twenty- 
four hours they were very conspicuous. 

This evolution of gas was itself a very extraordinary cir- 
cumstance which had not previously been pointed out, and 
i^ch scivcely seemed to agree with the received ideas upon 
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germination ; still less with the supposition that tlus disengage 
ment proceeded from air contained in the beans ; which 
idea soon became wholly improbable from the unceasing con- 
tinuance of the disengagement of the gas, and to such an ex- 
tent that it could not by possibihty be attributed to this cause. 

First of all, it is certain that the gas came from the beans 
themselves, forbefore we introduced them into the apparatus, we 
were careful to put them in water and shake them well, thereby 
detaching all the ^r which was attached to their surface. 
For a long time after they were plunged into the water of 
the bottle, no gas was seen to issue from their surface, and 
it made its appearance only by degrees. Besides, on other 
occasions when the beans were cut through, we have seen it 
proceed from the parenchymatous substance itself. Many of 
the beans were actually made to float by the air-bubbles which 
adhered to them, and fell to the bottom so soon as the hubbies 
burst, 

Afrer a period, wluch was never less than four days, we put 
an end to the experiment. Our first care was to weigh the 
beans, that we might thereby determine the quantity of water 
which they had absorbed, and we invariably found that it ex- 
ceeded their own weight. In reality, the mean weight of the 
beans employed was 1510 grains (avoirdupois), and the mois- 
ture which swelled them amounted to about 1848 groins. 

The most essential point of all in this investigation was to 
certify that the beans were alive, and in a state of germina- 
tion ; for it is evident that it is a condition which must indis- 
pensably be established, that the disengagement of the gas 
which is effected in the water is the result of a natural and 
normal function. 

When taken out of the liquid, some of the beans had a 
chink opposite to the point where the radical is situate ; but 
there were only three or four in this condition. 

If the beans were living, the function was normal : so we 
planted them, that we might have an opportunity of compar- 
ing them with the same number of other beans which had not 
been subjected to any experiment, and we had the pleasure 
to see them spring up quite as well as these. The best me- 
thod, however, of conducting the experiment is to keep them 
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in moistened pf^er between two platee. Next day, duriDg 
summer, they had all completely germinated, and the radicles 
had projected some four or five lines. 

As to the production of the gas, we shall observe that that 
which was disengaged, traversed the water, and passed through 
the tube into the receiver, was only the sign of the function ; 
and nothing more than the overplus of that which was dis- 
solved in the water at the moment it was formed ; it must also 
have been in very small quantity. The proportion of tur 
which had traversed the water without being dissolved by it, 
amounted to between 20 and 40 millilitres ; but that which 
was dissolved in the water, and which was disengaged by boil- 
ing, was very considerable, and might well, as it did, surprise 
us. 

The whole interest of the experiment here depends upon 
the quantity of the air naturally contained in the water, com- 
pared with tliat which had been produced by the seed. Ac 
cordingly, we made many experiments to ascertain the pro- 
portion of air contained ia the water of the well which we 
used ; and we found that the water in our bottles before the 
experiments, as the mean of our observations, contained 7.6 
centilitres of air, and after the experiment 55.5 centilitres, 
in on experiment of five days' continuance. Hence, after sub- 
tracting the air naturally contained in the water, we find 47.7 
centilitres ofgas, produced solely by the action of the water and 
the beans. The result of another experiment, which lasted for 
six days, after making the same subtracti(Hi, was 50.5 centi- 
litres of gas, produced above the quantity of air natorally dis- 
solved in the water of the bottle. There was, therefore, dis- 
engaged by the sole action of the seeds and the water, after 
subtracting the air which the latter contained, more than half 
a pint of gas ; a very remarkable effect, and which, when seen 
on so great a scale, leaves not the slightest doubt as to the 
action of water in the respiration of beans, abstraction being 
made for the air cont^ed in the liquid. 

Our next object was to ascertain what information analy- 
sis would give us respecting the nature of the gas supplied 
by the seeds. And first, there was an enormous proportion 
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of carbonic acid. Of the 56 centilitres pTx>daced by the expe- 
riment of five days' continuance in summer, 48 were carbonic 
acid. 2dly, An infinitely small quantity, 2.5 millilitres was 
oxygen, and about 3.5 centilitres, which appeared to be nitro- 
gen. In short, there was, 1st, an enormous quantity of car- 
bonic acid ; 2dly, scarcely any oxygen ; and, 3dly, a quantity 
of gas, which, in the mean while, we shall regard as formed 
entirely of nitrogen, and which amounted to somewhat less 
than the quantity of air contained in the water. On another 
occasion, we shall consider whether any other gas was present. 
Whence, then, proceeded this enormous quantity of carbonic 
acid, in the production of which the air contained in the 
water must be counted for nothing ? It is clear, that since 
the oxygen does not proceed irom the air dissolved in the 
water, it must be derived from one of the elements of the 
water itself. The water, therefore, is decomposed ; the oxy- 
gen, one of its elements, unites itself to the carbon of the 
seed, and forms the carbonic acid which disengages itself in 
whole or in part ; a question into which we shall enter upon 
another opportunity. 

It now remains to inquire what becomes of the hydrogen, 
the other element of the water ? We suppose, for the mo- 
ment, that there is no trace of it, as we have stated provi- 
wmally above ; and since it is not disengaged, it most evi- 
dently be absorbed by the seed- 
Hence, the results which follow from the experiments which 
we have detailed, from seeds placed in the conditions stated, 
are, 1st, that the water is decomposed ; 2d, tliat the oxygen 
of the decomposed portion, unites vrith the carbon of the 
seed, and forms carbonic acid gas ; 3d, that this carbonic acid 
disengages itself irom the seed, in whole or in part ; and 
4thly, the other portion of the decomposed water, tlie hydro- 
gen, is absorbed by the seed, in whole or in part These 
are the four fundamental propositions regarding the respira- 
tion of seeds, to which we shall confine ourselves on the pre- 
sent occasion. 

It is not a matter of very great moment to ascertain whe- 
ther all the carbonic acid is completely disengaged. Nor 
is it of more consequence that we should know at present 
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if all the hydrogen, rendered free by the decompo^tion of 
the water, is completely absorbed by the seed ; subjects which, 
however, we shall discuss on another occasion. The great 
fundamental fact brought out by these researches is the de- 
composition of water, a fact quite foreign to the popular 
theory of the present day. 

It also results from the facts which we have propounded, 
tliat respiration is not, as it has hitherto been considered, 
solely a function of excretion ; but it at the same time exhi- 
bits, according as we have demonstrated, a fundamental fact 
concerning the nutrition and the development of the embryo 
by the absorption of hydrogen. 

In addition to the respiration of seeds, a great variety of 
which we have examined, we have also investigated that of 
bulbs, twigs, leaves, and flowers, the results of which we hope 
to have the honour of presenting to the Apademy. We may, 
however, remark, that the facts detailed in this memoir, re- 
garding the respiration of the seed, form the basis of the re- 
spiration of other parts of the plant, as will be more clearly 
exhibited in the sequel, as well as the part which the air plays 
in this important function. 



Elementary Congiderations of some PriticipUs in the Corutrtic- 
tioH of' BuUdittga designed to (Kcommodale Spectatort and 
Auditors. By John Scott Udssell, M. A., F.R.S.E., &c.* 
Communicated by the Society of Arts. 

This is a subject on which we are so notoriously deficient 
and BO completely abandoned to chance or empiricism, that any 
attempt to approximate to normal systems of construction are 
likely to meet with more indulgent consideration than thnr 
own merits might, on any other subject, be able to secure. It 
is with this conviction that an unprofessional writer has hazarded 
the treatment of a somewhat difficult subject. As, however^ 

* Read before the Society of Arts for ScoOand 16Ui Uay 1831. 
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t the writer's .ordinary duties require from him the dwly use of 
buildings, to which the principles he is now to explain are ap- 
plicable, he conceives that some circumstances may have been 
forced upon his attention from which important consequences 
may hereafter be deduced. - 

In almost every large room designed for an audience or 
spectators, or fo'r^both, because most people like to see, as well 
as to hear a speaker, it may be noticed that certain seats are 
the best. These seats are neither too fai* forward nor too far 
l>ack, that is, they are. not so far forward as, by being imme- 
diately under the speq^ker, to require to look up at a painful 
. angle of elevation, and to permit his voice to pass over our 
heads ; or, on the other hand, so distant as to throw us behind 
a mass of people by whom vision would be intercepted, and 
over whose heads we should require to strain either to see or to 
hear clearly. A perfectly good seat is one in which, without 
uneasy elevation of the head or eye, without straining or stretch- 
ing, we can calmly and quietly take any easy position, or variety 
of positions, which we may be disposed to assume, and yet may 
in all of them see and hear the speaker with equal clearness 
and repose, so as to give him patient and undisturbed attention. 
The person who occupies such a seat feels as if the speaker 
were speaking principally to and for him ; he finds that no one 
else stands in bis way, and that he hears as well, and sees as 
well, as if there were no one else in the room but himself and 
the speaker. A room so constructed that ever^' man in it 
should feel in this manner, that he had got one of the best 
places, and that no one else was in his way, — such a room would 
be perfect. Such a room, or rather approximations to such a 
room, we have sometimes, but very rarely, met with. On tak- 
ing a particular seat, whether near the front or near the back, 
of the audience, we have felt the comfortable assurance of hav- 
ing one of the best seats in the room. 

The object of this paper is to discover in what manner the 
interior of a building for public speaking should be formed, so 
that throuj^ut the whole range which the voice of a man is 
capable of filling, each individual should see and hear without 
interruption from any of the rest of the audience, with equal 
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comfort, in an easy posture, and as clearly as if no other indi-^ 
vidual auditor or spectator were present. (See Plates I. and II-) 

The position of the seats is the first circumstance we shall in- 
vestigate. Tbatseats should slope, or, in other words, that the 
more distant auditors should be raised above those who are 
nearer, is at once seen ; the question is how, and how much P 

To see and hear comfortably, itmust not be necessary for us to 
remain long in one position ; we must not require to «t upright 
at full stretch, or to stoop on one side to catch a glance between 
an avenue of heads or hats ; we must be permitted, whether tall 
or short, to sit in a comfortable variety of attitudeii, now a little 
back on the seat, then a little forward, now stouping down, and 
now raised upright. In the usual variety of station and of po- 
rtion, it appears from experiments we have made that the range 
required for this purpose is more than a foot and less than 18 
inches, so that these may be taken as the limits ; that is to say, 
over the head of the person who is before you, there must be a 
clear range of 12 or 18 inches, through which the head may be 
moved upwards or downwards without interruption. In other 
words, as the undulations, both soniferousand luminiferous, move 
in straight lines, it is necessary for the purpose, that the rays 
of light and of sound emanating from the speaker, may fall, 
without interruption, on the organs of sight and hearing of the 
spectators and auditors ; that a straight line drawn from the 
speaker's head over that of the anterior spectator, shall inter- 
cept the straight line which forms the back of the seat of the 
posterior observer, so as to cut off a height of IS to 18 inches, 
within which the head of the spectator shall at all times be com- 
prehended while sitting in a comfortable position. Thus let A 
F« 1. 




be the speaker, and XYZ be three 
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the line AX must fall Iwlow AY, so as to leave the space 

y « =: 18 inches = Z y. 

Let us now apply this formula to every individual place in 
the room or interior of the building, and we shall have the form 
required to satisfy the auditors. Let us ^so assume S^ feet as 
constant, and as representing the distance of one spectator behind 
the other measured horizontally, and 1^ feet as the clear space, 
measured on the vertical line for the mean range of comfortable 
vision for each. If the level of the floor, that is of the lowest 
seats, be already determined, the form of the interior accom- 
modation may be thus described, AY, the height of the 
speaker; YX, the level floor. From A^ take Yy = 4 feet. 
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Draw yir parallel to YX. Take A i/ to ^a? as lito2^,that 
is, as h, the range of position of the spectator, to d the distance 
between the seats. Take horizontal distances 1,S, 3, 4, &c. 
^ 2^ feet ; prolong A x to X\, then the height a*, to / = 1 J feet. 
Join Al and ])rolong it to x,, and take a distance a;, to m = 1 ^ ; 
through m draw A m, and prolong it x,, and take a^, n— 1^ 
feet ; through n draw A «, prolong it to a;,, and take x,o = \i 
feet. Continue this process on in the same manner to p, q, 
r, I, t, &c., and you will find points which are the successive 
places which the heads of the auditors should occupy. The 
bottom of the seats must rise by the same quantity. 

But it is not only in receding that the back seats must rise; 
we have already noticed that the seats which are too far forward 
are also unpleasant, — they are too low ; they also should be 
raised, but this must he done so as not to interrupt those who 
are behind. This, too, may be accomplished in a similar way ; 
for, as formeriy set off, 1, 2, 9, 4, 5, 6, 8ic.= 9.^ feet. \ is th« 



detigned to euxommedaU Spectators and AudUori. 135 
Fig.3. first anterior point; join Al, 

aod let it cut the vertical Hoe 
through 3 in x, the portion 
downwards x^ 1=: 1^ feet ; then 
I is the point found. Join Al ; 
make x^h ■= \\; join AA:, and 
make ^^ t = 1^ ; join At, and 
make x^h= i\, and so on ; ^ 
g, h, i, k, I, are the places found 
which the heads of the spectators will occupy, and shew the 
elevation to be given to the seats succesdvely. 

If the simple process we have described be accurately per- 
formed, the points which indicate the place of the spectators 
will lie in the branches of a very beautiful curve which may 
be termed Ike eguaiseehig or egufiUiearmg cvrve, the iseuto- 
raal or ijocouatic curve. This curve will be of the annexed 
Fig. A. 





form ; — A being the place of the speaker, and the heads of the 
spectators being placed on the line A m n continued as far as 
the voice of a man can reach, XAX being the axis of the 
curve and Ay its parameter. 

This curve has two branches on opposite sides of A, shewing 
that if the building extend behind the speaker, or if the spec- 
tacle he visible or the sound audible on every side, the same 
may be continued all round. From the property of this 
curve it follows, that if two straight lines be drawn to any pairs 
of points of it that are at equal horizontal distances, these lines 
will intercept the same parts of the vertical lines through these 
points. By meaas of this curve the position of se^s in a 
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theatre may be satisfactorily determined. Let A be the place 
of a figure on the proscenium, and the linen a, b, c, and d, the 

Fig. &. 



venical elevati<niB of individuals in different parts of the house 
above the intercepted ray from A : then these being made every 
where equal, all parties see and hear without interruption. The 
evils arising from reflection of the voice from walls, and the evil 
or echoes, ivould be removed, if, by the elevation given to the 
hinder seats on this principle, the great proportion of the house- 
walls of the building were covered with auditors, and the sphere 
of sound and sight almost wholly occupied in useful effect. 

For any great assemblage where it is desirable that one indi- 
vidual or group of individuals should be seen or heard, an am- 
phitheatre of Uiis form might be constructed from the surface 
of revolution, generated by moving the curve round its axis, 
which would perfectly accommodate 10,000 individuals. We 
have given, see Plates I. and II., a sketch of the interior of a lec- 
ture-room, of a church, or music-room, in which the auditors 
are placed in the isacoustic curve. The intelligent practicnl 
architect will readily see the method of carrying these arrange- 
ments into effect in otlier circumstances. 
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Stgearehes in EmhryiAogy. Second Series. By Martin 
Barrt, M.D., P.R.S.E., Member of the Wernerian Natural 
History Society, Fellow of the Royal College of Physicians 
in Edinburgh. 

The author having, in Hm first aeries of these researches, 
noticed at pp. 303, 4, and 5, of volume xxvi. of this Journal, 
investigated the formation of the mammiferous ovum, de- 
scribes, in a second series, read before the Royal Society of 
London, its incipient development. The knowledge at present 
supposed to be possessed of the early stages in the develop- 
ment of that ovum, consists chieBy of inferences from observa- 
tions made on the ovum of the bird. 

But there exists a period in the history of the ovum of the 
mammal, regarding which we have hitherto scarcely any direct 
or positive knowledge. It appeared, therefore, highly desir- 
able to obtain a series of observations in continuous succession 
on the earliest stages of development. In conducting this in- 
vestigation, the author purposely confined his attention to a 
single species, namely, the rabbit, of which he examined more 
than a hundred individual animals. Besides ova met with in 
the ovary, apparently impregnated, and destined to be dis- 
charged from that organ, he has seen upwards of three hun- 
dred ova in the Fallopian tube and uterus ; very few of the 
latter exceeding half a line in their diameter. The results of 
these investigations have compelled the author to express his 
dissent from some of the leading doctrines of embryology, 
which at present prevail, as respects not only the class Mam- 
malia, but the animal kingdom at large. The following arc 
the principal facts which the author has observed in the de- 
velopment of the mammiferous ovum. 

The difference between the mature and immature ovum 
consists in the condition of the yelk ; the yelk of the mature 
ovum containing no oil-like globules. Both maceration and 
incipient absorption produce changes in the unimpregnated 
ovum, which, in some respects, resemble those referable to 
impregnation. During the rut, the number of Graafian ve- 
sicles appearing to become prepared for discharging their ova. 
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exceeds the number of those which actually discharge them. 
Ova of the rabbit, which are destined to be developed, toe, 
io most instances, discharged ft-om the ovary in the course of 
nine or ten hoars poet coitum; and they are all discharged 
about the same time. 

There is no condition of the ovum uniform in all respects 
which can be pointed out as the particular state in which it is 
discharged ft^m the ovary ; but its condition is in several re- 
spects very different from tliat of the mature ovum ante coitum. 
Among the changes occurring in the ovum before it leaves the 
ovary, aretbefollowingjviz.thegerminal spot, previously on the 
inner surface, passes to the centre of the germinal vesicle ; the 
germinal vesicle, previously at the surfe^e, returns to the centre 
of *he yolk ; and the membrane investing the yelk, previously 
extremely thin, suddenly thickens. Such changes render it 
h^hly probable that the ovary is the usoal seat of impre^ia- 
tion. The author considers this view as being not incom- 
patible with the doctrine that contact between the seminal 
fluid and the ovum is essential to impregnation, since he has 
found, in the course of his researches, that spermatozoa pene- 
trate as far aa to the surface of the ovary. The retinacula 
and tunica granulosa are the parts acted upon by the vit a 
tergo, which expels the ovum from the ovary. These parts 
are discharged with the ovum, render its escape gradual, pro- 
bably facilitate its passage into the Fallopian tube, and appear 
to be the bearers of fluid for the immediate imbibition of the 
ovum. After the discharge of the ovum from the ovary, the 
ovisac is obtainable free from the vascular covering, which, 
together with the ovisac, had constituted the Grraaflan vesicle. 
It is the vascular covering of the ovisac which becomes the 
corpus luteuro. Many ova, both mature and immature, dis- 
appear at this time by absorption. In some animals minute 
ovisacs arc found in the iniiindihulum, the discharge of which 
from the ovary appears referable to the rupture of large Graa- 
fian vesicles, in the parietes or nei^bourbood of which those 
ovisacs had been situated. 

The diameter of the rabbit's ovum, when it leaves the ovary, 
does not generally exceed the 136th part of an inch, and in 
some instances it is still smaller. The ovum enters the uterus 



Dr Barry'8 Betearches in Embryology. 139 

in a state very different from that in which it leaves the ovary ; 
hence the opinion that " in their passage through the tube the 
ova of Mammalia undergo scarcely any metamorphosis at all," 
is erroneous. Among the changes taking place in the ovum 
during its passage through the Fallopian tube are the follow- 
ing, viz, 1. An outer membrane, the chorion, becomes visible. 
2. The membrane originally investing the yelk, which had 
suddenly thickened, disappears by liquefaction, so that the 
yelk is now immediately siurounded by the thick transparent 
membrane of the ovarian ovom. 3. In the centre of the yelk, 
that is, in the situation to which the germinal vesicle returned 
before the ovnm left the ovary, there arise several very large 
and exceedingly transparent veedcles : these disappear, and 
are succeeded by a smaller and more numerous set ; several 
sets thus successively come into view, the vesicles of each suc- 
ceeding set being smaller than the last, until a mulberry-like 
stmcture has been produced, which occupies the centre of the 
ovum. Each of the vesicles of which the Eturface of the mui- 
berry-like structure is composed contains a pellucid nucleus ; 
and each nucleus presents a nucleolus. 

In the uterus a layer of vesicles of the same kind as those 
of the last and smallest set here mentioned makes its appear- 
ance on the whole of the inner sur&ce of the membrane 
v^ich now invests the yelk. The mulberry-like structure 
then passes from the centre of the yelk to a certain part of 
that layer (the vesicles of the latter coalescing with those of 
the former where the two sets are in contact to form a mem- 
brane), and the interior of the mulberry-like structure is now 
seen to be occupied by a large vesicle contuning a fluid and 
granules. In the centre of this vesicle is a spherical body 
having a granulous appearance, and containing a cavity appa- 
rently filled with a colourless and pellucid fluid. This hollow 
spherical body seems to be the true germ. The vesicle contmn- 
ing it disappears, and in its place is seen an elliptical depres- 
sion filled with a pellucid fluid. In the centre of this depression 
is the germ, still presenting the appearance of a hollow sphere. 
The germ separates into a central and a peripheral portion : 
the central portion occupies the situation of the future brain, 
and BOOD presents a pointed process which is the rudiment of 
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the spinal cord. These parts at first appearing grannlous are 

subsequently fbund to consist of vewcles. 

Thus the central portion o J the nervous system is not ori- 
ginally a fluid contained within a tube, but developes itself in 
a solid form before any other part. The central portion of 
the nervous system sometimes atttuns a considerable degree 
of development, although it be exceedingly minute ; thus an 
instance has been met with in which the development of this 
part bad reached a stage scarcely inferior to that in anotlier 
instance, in which the corresponding part measured more than 
ten times the length. 

There does not occur in the mammiferous ovum any such 
phenomenon as the " splitting" of a membrane into the so- 
called " serous, vascular, and mucous lamina?." Rathke had 
already found that parts previously supposed by Baer and 
others to be formed by the so-called " germinal membrane," 
refdly originate independently of it ; these parts are the ribs, 
pelvic bones, and the muscles of the thorax and abdomen, 
which, according to Rathke, arise in a part proceeding out of the 
" primitive trace" itself. Reichert had previously discovered 
that the part originating the lower jaw and hyoid bone 
" grows out of the primitive trace." The author, beginning 
with an earlier period, goes farther than these observers, and 
shews that the so-called " primitive trace" itself does not arise 
in the substance of a membrane, but presents a comparatively 
advanced stage of the object above described as the true germ. 
Hence the author suggests there is no structure entitled to be 
denominated the " germinal membrane." 

The most important of the foregoing facts respecting the 
development of the mammiferous ovum, however opposed 
they may be to received opinions, are in accordance ivith, and 
may even explain, many observations which have been made 
on the development of other animals as recorded in the de- 
lineations of preceding observers. If in the ovum of the bird 
the germinal vesicle in like manner returns to the centre of 
the yelk, the canal and cavity known to exist in the yelk of 
ihat ovum might be thus explained. The ovum may pass 
through at least one-and-twenty stages of development, and 
contain, besides the embryo, four membranes, one which has 
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two lamiiifp, before it hae itself attained the diameter of half 
a line, a fifth membrane having disappeared by liqueiaetion 
within the ovum. 

The size of tiie minute ovum in the Fallopian tube and ute- 
rus afibrds no criterion of the degree of its development ; nor 
do any two parts of Uie minute ovum, in their development, 
necessarily keep pace with one another. 

The proportion of ova met wiih in these researches, which 
seamed to be aborted, has amounted to nearly one in eight 
Sometunes two yelk-balls exist in the same ovum. With 
slight pressure, the ovum, originally globular, becomes ellip- 
tical. Its tendency to assume the latter form exists especial- 
ly in the chorion, and seems to be in proportion to its size. 

The author has discovered, that when the germinal vesicle 
is first seen it is closely invested by an extremely delicate 
membrane. This membrane subsequently expanding is that 
in which the yelk is formed. He has traced the chorion from 
stage to stage up to the period when it becomes villous, and 
shews that it is not, as he formerly supposed, the thick trans- 
parent membrane itself of the ovarian ovum, but a thin enve- 
lope closely investing that membrane, and not appreciable as 
a distinct structure until the ovum has been crushed- When 
the chorion first admits of demonstration as a distinct struc- 
ture the ovum consists of three membranes, a state which the 
author has seen in an ovum no fiirther advanced than about 
an inch into tlie Fallopian tube. The chorion subsequently 
thickens and imbibes a quantity of fluid presenting a gelati- 
Qoos appearance. 



Notice of remarkable Agitationx of the Sea at the Sandmic/i 
Iglatidg, on the 1th November 1837. By T. Chas. Bydh 
Room, F. R. C. S. 

On the evening and night of the 7th November, a most re- 
maricable commotion of the sea was witnessed at Hanolnlu, 
in many respects similar to that witnessed at these islands in 
May 1819. One inch and a-half of riun had fallen during 
the previous twenty-four hours ; the wind was fresh from the 
N. E., squally at intervals. The atmosphere was clear and 
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cool. Therm. 74.5 ; the barometer had gradually fallen dur- 
ing the four previous days, but this evening had again risen 
to 30.06, at six o'clock, when the alarm was given that the 
sea was retiring. The first recession was the greatest, some- 
thing more than eight feet ; but being unprepared to make 
observations at the moment, the exact fell wras not measured. 
The reefs surrounding the harbour were left dry, and the fish 
aground were mostly dead. The sea quickly returned, and in 
twenty-eight minutes reached tiie height of an ordinary high 
tide ; scarcely remaining stationary, it again receded and fell six 
feet This was repeated at intervals of twenty-eight minutes. 
On the third rising it was four inches above ordinary high- 
water mark, and fell again six feet four inches. After the 
fourth rising, the I^igth of time occupied by the rise and fall 
varied, and the rise and fall diminished gradually hut not re- 
gularly. At eleven p. u. the therm, stood at 74° ; barometer 
30,04 ; wind freshening and firequent showers ; the ebb now 
occupied twenty-six minutes, and the Sow ten. At eleven, 30, it 
became calm, with constant rain. Therm. 73.5; biu^meter, 
30.03. The ebb and flow still continued occupying the same 
space of time, but the rise and fall decreasing. This conti- 
nued durii^ the forenoon of the 8th. The rapidity with 
which the water fell varied in different parts of the harbour. 
On tiie east side, the greatest rapidity noticed was six inches 
in a minute ; but on the north, at one time during the third 
recession, it fell twelve inches in thirty seconds. At no time 
did the water rise higher than a common spring-tide ; but 
the fall was about six feet below low water-mark. The 
some occurrence is related to have taken place in 1819, when 
the tide rose and fell thirteen times in the space of a few 
hours. On neither occasion was there any perceptible motion 
or trembling of the earth, or unusual appearance of the at- 
mosphere. Since the above was written, distressing accounts 
have been received from Maui, and Haw^i, of the damage 
done to property and loss of life. On the leeward side of 
Maui, the same rise and fall took place as at Honolulu ; but on 
the windward part of the Island, the sea retired about twenty 
fathoms, and quickly returned in one gigantic wave, sweeping 
every thing before it, — houses, trees, canoes, and every move- 
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able object exposed to its fury. At a small village called 
Kahului, in the district of Walluku, on the sea retiring, the 
amazed inhabitants followed it as it receded, eagerly catching 
the stranded fish, shouting and hallooing with pleasure, when 
suddenly the sea rose perpendicularly before them like a pre- 
cipice, and, rushing to the beach, buried the assembled multi- 
tudes in the flood, and, overflowing the shore, swept away 
every house in the village but one ; the canoes and property 
of the natives were all destroyed. Happily, on'ing to the am- 
phibious education of the people, but two lives were lost here ; 
but as the same occurrence happened all along the sea-side, 
we shall probably hear of more deaths. 

At Byron's Bay, on Hawiui, the same phenomenon took 
place. An unusual number of persons were collected together 
attending a protracted meeting, consequently every house was 
crowded. At half-past six, the sea retired at the rate of four 
or five knots an hour, reducing the soundings from five to three 
and a half fathoms at the anchorage, and leaving a great ex- 
tent of the harbour dry. Hundreds of curious souls rushed 
down to witness the novelty, when a gigantic wave came roar- 
ing to the shore at the rate of mx or eight knots an hour, rising 
twenty feet above high water mark, and fell on the beach with 
a noise resembling a heavy peal of thunder, burying the peo- 
ple in the flood, destroying houses, canoes, and fish-ponds, 
washing away the food and clothing of the inhabitants, large 
quantities of animals, firewood, and timber collected on the 
strand for sale. The cries of distress were horrible ; those in 
the water, unable to swim among the wreck of houses and 
pieces of timber, struggling for their hves, and those on shore 
wailing for their friends and relatives. The British whale-ship. 
Admiral Cockbum, was at anchor in the hay, and to the timely 
aid and humane exertions of her master (Lawrence) and crew 
many are indebted for their lives ; but for the assistance ren- 
dered by their boats, many, who were stunned and insensible, 
would have been carried out to sea and perished, as the natives 
had not a single canoe left that would float. Every thing was 
destroyed ; those who escaped with their lives had neither food 
nor raiment left. In Kanokapa and Kaahelu alone sixty-six 
houses were destroyed, and eleven persons lost their lives, four 
men, two women, and five children ; at Waiolama and Hauna a t 
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woman and child were drowned ; at Kauwale one woman lost 
her life. The amount of damage done has not yet been ascer- 
tiuned, nor is it known how many times the sea rose and fell. 
There was no shock of an earthquake felt at Hilo, or elsewhere, 
although it is ascertained that the Tolcano of Kilauea was un- 
usually disturbed the previous evening, — ^the fires were sud- 
denly quenched, and yawning chasms were burst open in pre- 
viously tranquil places, accompanied with violent explosions. 
Inquiries have been made of masters of vessels who were to 
the north and to the east of the islands on the 7th, at various 
distances, but none of them noticed any thing unusual in the 
sea or atmosphere. That this apparent submarine volcanic 
action has taken place at some distance from the islands, is 
proved by the wave striking the different islands ^multane- 
ously, and apparently in the same direction ; but at what dis- 
tance we have no means at present to determine. Perhaps 
the internal fires have found a new vent, which may be lay- 
ing the foundation of a new group of islands in our neighbour- 
hood. It is now 19j years since a similar phenomenon oc- 
curred here, but not so violently as the last, nor was it attend- 
ed with any loss of life. On the second day ai%er an affect- 
ing scene was witnessed at Wailuku (Maui) ; the bodies that 
had been recovered from the sea were conveyed together to 
Uie church, followed by a great multitude : a funeral sermon 
was preached on the occasion ; — this soleom warning made a 
deep, and, it is to be hoped, a lasting impression on those who 
witnessed it, of the uncertain tenure by which we hold our 
lives." — Copied from the Ceylon Chronicle in the Literaiy Ga- 
*e«eof26th Jan. 1839. 



On Photography, by Andrew Fyfe, M.D., F.R.S.E, Vice-Pre- 
sident of the Society of Arts, Edinburgh.* Communicated 
by the Society of Arts. 

When silver is dissolved in nitric acid, a colourless solution 
of lunar caustic is produced, which, when evj4)orated to dry- 
ness and exposed to Ught, becomes dark ; the colour depend- 

•> Bewl before the Secietjr of Arts, on the 27th March and l«tli aoA 17tli 
April l«3ff. 
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ing on the inteneity of the ligbt, and the time it has been ex- 
poBed. Accordingly, pf^er besmeared with tbe eolation is 
darkened, but if any object be pot on it, bo as to prerent the 
transmiseion of light, the parts covered will remain white or 
be tinged according to the density of the object ; hence the 
art of Photography. 

It is not my intention to enter on a minnte detail of this 
important process ; my remaiks will be chiefly confined to the 
description of improvements, which, 1 conceive, I have made 
on it since its first announcement by Mr Talbot, to whose 
interesting paper in the London Phil. Mag. for March of this 
year I. must refer the reader who wishes more full informa- 
tion regarding it. This paper will be found also in the Athe- 
nteum and in many other periodicals. 

Photography may be divided into tliree parts : the prepara- 
tion of the paper, — ^taking the impressions, — and preserving 
tliem. 

1. MeAodt ofprtforing the paper. 
Though pi^er besmeared with solution of lunar caustic is 
darkened by exposure to light, it is by no means aenaiHw ; 
other methods have therefore been recommended for prepar- 
ing it for photographic purposes. Tliat ori^nally given by 
Mr Talbot is to soak it first in a weak solution of sea-salt, and, 
when dry, to mb it over on one side with solution of lunar 
caustic, by which chloride of silver is formed, and adheres to 
the paper. As thus prepared, it acquires a dark colour on ex- 
posure to light ; the depth of colour depending on tiie strength 
of the solutions ; hence it may vary from lilac to deep purple, 
wproaching to black- 
In preparing pi^ter by this method, it is very difficult to get 
the chloride uniformly spread over its surftice, and accordii^ly, 
when exposed to li^t, it often ^ves a variety of shades ; in- 
deed, in many places, it continaes whit& It was this that in- 
duced me to try the use of other salts of ulver ; and the one 
which I have found to answer best is the phoiphate, procured 
in the usual way, by the addition of phosphate of soda to the so- 
lution of lunar caustic. In preparing the paper by this method. 
I generally employ one part of phosphate of soda dissolved in 
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about eig^t of water, and the nitrate of silver disBolved in 
about six of water. The paper is first soaked in the pboB- 
pbate, and tlien dried, after which the nitrate is put on on 
<Hie side by a brudi, the paper again dried and afterwards 
again pat through die salt, by wbieb any excess of silver is 
converted to phosphate. As thus prepared, it acquires a yel- 
low tinge, which becomes black by exposure to light. It is 
equally sentitive as the chloride, and, in my opinion, gives a 
much m<xe pleaung variety of Ehades. 

Instead of preparing the paper by the process described, I 
frequently employ the phosphate precipitated before applying 
it, for which purpose the nitrate solution is dropped into tJiat 
of the phosphate of soda, the yellow precipitate is allowed to 
fall to the bottom, and the supernatant fluid is poured off ; 
what remains must be kept in stone bottles or in a dark place, 
as it is extremely sensitive to light. In preparing the paper 
with it, it is put on with a broad flat brush, and then dried in 
the usual way. Though there is a little difficulty at first in 
getting the phosphate uniformly spread over the surface, yet 
by a little practice a uniform ground is easily given, and, 
when once acquired, the method has the advantage of being 
much chet^er than those previously recommended I some- 
times add a little mucilage to the fluid, which keeps the phos- 
phate suspended in it. There are other methods of preparing 
the paper, which though they do not give it so sensitive, yet 
are cheaper than those stated ; I allude to the use of the 
phosphate in solution in ammonia, or, which is cheaper, in 
the carbonate of ammonia, which is procured by adding con- 
centrated solution of carbonate of ammonia to the phosphate 
collected by precipitation as already described. A still cheaper 
fluid may be prepared by adding a strong solution of nitrate 
of silver to a concentrated solution of carbonate of ammonia, 
by wliich a carbonate of silver is obtained iu solution, and which 
can be applied to the paper on one side by means of a brush. 
Paper thus prepared is white ; it has the advantage of being 
easily prepared, and of giving, on exposure to %ht, a uniform 
ground which is of a brownish colour.* 

* Instead of porchasiiig Inuu' canatic of conunerM, a cheaper method of 
ooorisg it is to diMolvo pore diver in nitric kdd diluted with ita own 
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2. Methodt ^taking the Impretiion*. 

From what has been already stated, it must he evident that 
the most direct mode of taking the impressions is, by placing 
on the pf^terthe object,the delineation of which is wished, and 
then exposing it to light For this purpose it on^t to be 
kept aa eloee as possdble on the paper, and the beet method of 
doing 80 is to place it in a frame with glass in front, and a 
stuffed cushion behind it. The time required depends, of course, 
on the intensity of the light, and -the density of the object ; 
and it is of the utmost consequence to take care that it is 
long enough expoaed, and that, at the same time, the exposure 
is not too long continued, for if not long enough, though the 
outiine will be given, yet the rej^esentation will not be dis- 
tinct in all its parts ; whereas if too loi^ continued, tiie funter 
parts begin to darken, and the representation is indistinct 
The time required must be found by practice. In bri^t 
sanshine one minote will be sofiKcient tar some objects : when 
there is no sunshine an hour w two may be required, and in 
this case there is little or no danger of destroying the impres- 
sion by too long expoeure, as the light is not of su&cient in- 
tensity to darken too much the fainter parts. 

Imprettiotu from Et^ravingi may likewise be got in the 
same way ; and for this purpose, instead of using those thrown 
off on tliin pfqter, by which it is supposed the light is most 
easily transmitted, it is, I think, better to take those on thick 
p^>er, because, tboo^ the light is not so easily ta-ansmitted, 
yet the impression of the engraving is much bolder, so that a 
more distinct delineation is given by the photographic process. 

Ckimera Obtevra. — The use of the camera obscura for pho- 
tographic purposes has been described by Mr Talbot Thoo^ 
representations may be got m this way, yet, so &r as I have 
found, they have not the minute distinctness of those got by 
tlie method already noticed. Owing to the interference of tlie 
lens, the light does not act neariy so powerfully on the fVfer, 

bulk of WBter, taking cue to tutTS in the vewel mora silver than the udd 
con disBolve ; and after it baa token np aa macb aa it can, to dilate the so- 
lotion with fcnir or five parta of water, or thereabonta, according to Um 
colour required. 
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as when it has to permeate merely a frame of glass. The 
same is the case when the light is reflected, axA hence the ne- 
cessity of getting quit of the mirror placed in cameras, for 
throwing the representation in such a way as to allow of it 
being traced by the artist. Hence, in taking impressions by 
the camera, the prepared paper most be fixed on the back trf 
the boz, directly opposed to the tens, and the focus properly 
adjosted. I have found great advanti^, in taking impressions 
by the camera, in using the paper moist, and keeping it so 
all the time it is exposed. For this purpose, after moisten- 
ing it, I place it between a cushion and a pane of glass, tied 
tightiy together, to prevent, as much as possible, the escape 
of moisture. In this way I have succeeded in a few minutes 
in getting a foint outline of the object exposed to the lens. 

1 may here mention that the camera affords a good method 
of taking profiles from busts, not by the reflected light from 
the bust, but by interposing it between the lens and the source 
of li^t The bust, for instance, may be placed, during sun- 
shine, at an open window, and the image from it thrown on 
the prepared paper ; uung the precaution, of having the face 
sli^tly inclined towards the source of li^t, so as to ^ve its 
outline as distinctly as possible. 

Etchings. — A method of taking impressions of etchings on 
glass by the photographic process was described by Havell 
of London. For this purpose the glass is covered with 
etching varnish, and after the figure is etched on it, it is 
smoked, so as to darken the varnish to prevent the transmis- 
oon of light ; of course, the smoke does not adhere to those 
parts of the glass exposed by the etching needle, and is there- 
fore easily wiped off with a cloth, thus leaving the etching 
free for the li^t to pass through. On expo^ng this with the 
prepared paper behind it, a beautifdl impression is taken. In 
taking impresaons in this way, the vamithed tide must be 
placed next the paper, which must be kept close upon the 
etching by means of a cushion, otherwise the impression is 
not weTl defined. When the glass side is next the paper, the 
impresdon is very indistinct, owing to the light, when it passes 
through the exposed parts of the glass, being diflused, and by 
which the lines run into each other. 

DL|,l,zedl!,G00glc 
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From the ease irith which impressions can be got in this 
way, it occurred U> me that the process might he still farther 
extended, so as to enable as to take copies of oil pfuntings, 
or of drawings on hoards, through which the light does not 
penetrate, and for this purpose I have followed different me- 
thods. One of these is to cover the glass with a transparent 
Tarnish, as with a thin solution of Canada balsam in oil of 
turpentine, and, after laying it down on the oil painting, to 
etch it out on the varnish, in the osoal way ; after this, the 
glass is to be slightly heated, so as to soften the varnish, which 
is then to be smoked, by holding it in the flame of an argand 
gas lamp, taking care not to soften Uie varnish too much ; 
when cold, the smoke is wiped off with a cloth from the parts 
of the glass exposed by the etching needle. Another method 
is to cover one side of the glass vnth starch solution, of such 
strength, that, when dry, it is transparent, and|it is then to be 
l^d down with the glass rade next the ptuntings, which can be 
traced with a pencil on the starch, and then etched on the 
other side, as already described. Prom glass etchings thus 
procured, impressions are taken in the usual way. 

This process of transparent etching is ^plicable to the 
camera obscura ; for, instead of using ground glass, as is com- 
monly done, the representation may be thrown on starched 
glass, on which it is traced and then etched on the other side, 
as above described. 

Before finishing this part of the subject, I may here allude 
to a method of taking the impressions, by which 1 have suc- 
ceeded in giving them a resemblance to oil paintings. 

By the method noticed, pt^rar, or some absorbing sub- 
stance, is used. I have already stated that the phosphate 
suspended in water may be employed, which suggested to me 
the use of the same substance along with a varnish, in the 
hopesof being able to take the impression on panel-board or 
metal I have found this to answer as well as with paper. 
The varnish I have used is Canada balsam and turpentine, 
with which the phosphate, dried by the cautious application 
of heat, and excluded from light, is thoroughly incorporated ; 
with this the panel-board, previously prepared as for an oil 
painting, is varnished ; when dry, the impression is taken oa 
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it in the nsaal way. It will be found to have all the richness 

of an oil painting. 

By this process, impressions equally distinct and brilliant 
may be taken on metal. Perh^ thb may be of service in 
savii^ engravers the time and trouble of laying down on the 
metal the figure to be engraved. 

The impressions received by the modes now described are 
taken by exposure to the solar ray. It is well known that the 
paper may be darkened by other means, as by the ozihydro- 
gen blowpipe ; but there is no necesdty for having recourse 
to 80 intense an artificial Ught. I have found that, by con- 
centrating the light of a common fire by metallic mirrors, 
the paper is darkened, and the same also occurs with the 
flame of a gas lamp. Of course, the time reqiiired is much 
longer than when exposed to sunshine. In this way I have 
succeeded in getting impressions of dried leaves almost as 
distinct as by solar light ; indeed, we may dispense altogether 
with the mirror, fw, by exposing the paper with the leaf on 
it, in a frame, to the light of a common fish-tail gas-burner, 
at the distance of a few inches, 1 have procured specimens 
some of which, though on a small scale, have all the richness 
of those taken by solar light. 

The concentration of the rays by a metallic mirror, so as 
to get quit of the interference of the lens, would, no doubt, 
be a great improvement in the camera obscura, provided it 
could be accomplished. May not something of this kind be 
the method followed by Dt^erre in getting his camera re- 
presentations P 

S. Pretervation of Ike Impreseiont. 

It is evident that, as the impression is produced by the 
agency of light on the compound of silver, when the paper is 
agtun exposed, the light will begin to act, and ultimately 
darken the whole, thus efiacing the impression ; hence the 
necessity of a preservative process. Two methods have been 
recommended by Mr Talbot, as applicable to the chioride, one 
by the iodide of potassium, the other by sea-salt. When so- 
lution ^ iodide of potassium is added to that of lunar caustic. 
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a yelloir iodide of silver is thrown down. The same is the 
case when the iodide ia put on paper, previously covered with 
tlie chloride, and, provided the solution is strong, it acts also 
on the chloride when darkened, thns converting it to yellow 
iodide, which is not in the least affected hy light ; hence, by 
putting the paper with the impression through solution of the 
iodide, provided it is weak, the white chloride only is acted 
on, and being converted to iodide, is no longer liable to change. 
As, however, the iodide will act on the dark chloride, it is of 
the utmost consequence to attend to the strength of the solu- 
tion, which should be such that it will not attack the faint 
parts of the impression. After the paper is passed through 
it, it should be kept for some time in water, to wash off the 
super6uoiis iodide of potassium, which, if lefl on, would gra- 
dually destroy the whole of the impression ; indeed, even 
with this precaution, I find it extremely difficult to preserve 
them. The second method recommended by Mr Talbot is 
merely immersing the paper in solution of sea-salt. This 
process does not, however, seem to answer well ; I have re- 
peatedly failed in preserving the specimens in this way, and 
even when they are preserved, they are completely altered in 
their appearance, and deprived of their original brilliancy. 

I have already stated, that I prefer the phosphate of silver 
fbr taking the impressions, not only because it is equally sen- 
sitive as the chloride, but gives a greater variety of shades. 
In addition to these, it has another advantage ; the impres- 
nons are easily preserved. After various fruitless attempts, 
I at last found that the darkened phosphate is not soluble in 
anunonia, though, as is well known, the yellow phosphate is 
easily dissolved, I had, therefore, recourse to this for their 
preservation, and though I did not completely succeed at first, 
yet I at last did so, by attending to the precaution of washing 
off the ammoniacal solution, because, when left on, the impres- 
sion gradually becomes darker and darker, and is ultimately 
destroyed, owing to the action of the light on it. The method 
I now follow is to put tiie paper into a diluted solution of 
vratcr of ammonia (one of the spirit of hartshorn to about six 
of vrater), and leave it there till the yellow parts become 
white, shewing that the phosphate is diasolved, after whidi 
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if is washed with water to carry off the whole of the am- 
moniacal aolution. It should, then, when nearly dry, be 
subjected to pressure tiU dried, by which it is prevented 
from wrinkling, and the impres^on retains its original diarp- 
ness, which, unless this is done, it is apt to lose, by the fibre 
of the paper being raised by the repeated mcnstening. 

Thou^ the phosphate specimens may be preserved in this 
way, yet they do not retain exactly their original appearance. 
Those parts, whitened by the ammonia, owing to part of the 
silver being united with the paper, gradoally acquire a feint 
reddish tinge, — ^but, though altering the appearance, it does 
not affect the brilliancy ; indeed, in some cases, it rather im- 
proves it, by ^ving a pleasing tint, which contrasts well with 
the darker parts, and gives the appearance of colouring. I 
have also found that carbonate of ammonia answers equally 
well, and, being much cheiqter, it will of course be preferred. 
I generally employ a solution, prepared by dissolving one part 
of salt in about four of water, in which the paper is kept for 
a minute or »o, aod then afterwards washed, and subjected to 
pressure, as already noticed. Impressions thus preserved ac- 
qiure the same reddish tinge as those acted on by ammonia. 

I have before stated that the paper may be prepared by 
washing it over with a solution, procured by adding nitrate vX 
mlver to carbonate of ammonia. The impressions taken with 
that pf4>er are ea«ly preserved, by merely washing them with 
water, to carry off the part not acted on by the light, which is 
another advantage, in addition to those stated, for using the 
carbonate solution. Like the phosphate specimens, they also 
acquire a reddish tint 

Other preservative methods have been recommended, as, by 
coverii^ tlie impressions with a yellow colour, to prevent, m 
much as possible, the transmission of the chemic^ ray of the 
light; but tiiose above stated, particularly when the phos- 
phate w carbonate is used, are so umple and efficacious that 
it is unnecessary to allude to them. 

Before finishing this part of the subject, I may here allude to a 
viJuable practical application of photography, in diminishing 
the labours of the lithographer. In communicating the impres- 
sion of any olgect to the stone, as of a dried plant, or m copying 
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an engraring, it is necessary to trace them on paper, and^ after 
again tracing them with the transfer ink, to transfer them to 
the stone. Now, by receiving the impression on paper by the 
photographic process, all the labonr of the first tracing is 
avoided. But there is no necessity for using paper, as the 
impression may at once be communicated to the stone, which 
easily receives the phosphate, and which may therefwe be pre- 
pared in the same way as the papers, and the impression abo 
taken in the usual manner, after which it is traced over with 
the transfer ink. By this process not only is a great deal of 
labour saved, but the representation must be much more exact 
than when traced ; for though by the latter the outline is cor- 
rect, yet much is left to be afterwards filled in by the eye, 
whereas, by the photographic process, every, even the most 
ininate filament, is distinctly and accurately laid down on the 
iitooe.* 

Meihod o/" taking Impreuiont in lehieh the light* and akadti are 

not recericd. 

By the different methods now described for getting photo- 
gnathic impressions, the lights and shades are always reversed, 
because, as it is by the action of the %ht that the compound 
of silver is darkened, wherever it is prevented from pene- 
trating, the paper retains its original colour. Though the 
impressions thus procured are accurate as to outlines, yet, 
in many cases the representation is far from being plea^ng ; 
it is therefore a great desideratum to have a method of getting 
impressions in which there is no reverse ; in fact, to give a 
true representation of the object, and in this I have succeeded 
by the use of the iodide of potassium. I have already stated, 
that, when the dariiened phosphate is exposed to the iodide, it 



* For this method of applpng tho photographio procew I Km Indebted 
to Mr Nicbol, lithographer, bf whom lithographic imprestioiu, thai taken, 
were exhibited to tlie Society of Arta. Aa a proof of the value of thia 
process, I may also mention, that, on the evening of the 17th of April, when 
lexhibited a photographic Bpecimen of dried ferns, it was, by Mr Forrester, 
UtIiogTaphcd, and impressions taken from it in the ctmree of two hours ; bad 
this been done in the usnal way, it noald h«re required xamj honra of 
labour, and, after all, not have g^von such accurate delineations. 
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is instantly coDverted to yellow, provided the solution is of 
safficient strength ; if weak, the action goes on slowly. In 
some impressions which I had attempted to preserve in tliis 
way, I observed, that, when exposed to light, they began to 
fade, which induced me to try the effect of light on darkened 
paper, soaked in solution of iodide, of such strength, that H 
just failed to attack it instantly. In my Brat attempt I suc- 
ceeded in bleaching the paper, but in my next I failed. On 
considering the circumstances under which these trials were 
made, I found that the only difference between them was, 
that in the first the paper was moist, in the last it was dry. 
Accordingly, on repeating the experiment with the paper 
moist, I agmn succeeded in getting a delineation of the object 
placed on the paper, as distinct and altogether as briUiaot as 
those obtained by the other process. 

The method which I now follow is, after preparing the phos- 
phate paper, to darken it, then immerse it in solution of iodide 
of potassium, of such strength that it does not act instanta- 
neously, and, when ttiU moist, to expose it to light with the 
object on it, uid continue the exposure till the exposed part 
of the paper becomes yellow. In this case, there is a tendency 
in the iodide to convert the dark phosphate to yeUow iodide, 
which would go on slowly, but b hastened by the light ; of 
course, if the object on the paper is impervious to light, the 
impression is black throughout, but if it is of different density, 
so as to allow the light to be differently transmitted, the im- 
pression presents the lights and shades as in the object itself; 
because those places behind the dense pieces retain their ori- 
ginal blackness, while those behind the less dense are more or 
less bleached, just according to the transmission of the light. 
When impressions thus procured are kept, they begin to fade, 
owing to the slow but continued action of the iodide of potas- 
sium ; hence the necessity of a preservative process. After 
repeated trials, I have found tliat by lar the simplest and the 
best is merely immersion in water, so as to carry off the whole 
of the iodide of potassium not acted on by the phosphate, and 
by which any farther action is completely prevented By this 
method, the specimens do not lose in the least tiieir ori^nal 
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beauty, and they may be exposed to continued sunshine with- 
out undergoiDg the sli^test alteration. 

I hare succeeded also id taking impressions with the chlo- 
ride in tlie same way — ^but it is necessary, for tiie success of the 
process, to use the solution of the iodide much weaker than for 
the phoq>hate, because the chloride is more easily acted on. 
Id both casee it ought to be made of such strength that it just 
acts, and then, before using it, it must be weakened by the ad- 
dition of a littie water. For the phosphate, it will be found, 
in general, that 1 of salt to 10 of water, and for the chloride, 
that about 30 of water, will give a solution of the requisite 
eArength. Of course, in preserving the specimens, the precau- 
tions as to washing and pressure must be attended to. 



Nolea on Daguerr^a Photograph}/. By Sir John Robison, 
Secretary to Royal Society of Edinburgh, &c. &c. (Com- 
municated by the Society of Arts). 

Sir — In compliance with the request that I should commit to 
writing and put into your hands the substance of what I com- 
municated to the Society of Arts in reply to the questions put 
to me at the last meeting, I beg to state, that circumstances 
having led to my being included in a small party of English 
gentiemen who were lately invited to visit the studio of M. 
Daguerre, to see the results of his discovery, I had an op- 
portunity of satisfying myself, that the pictures produced 
by his process have no resemblance to any thing which, as 
iax as I know, has yet been produced in this country ; and 
that, excepting in the absence of colour, they are as perfect 
images of the objects they represent, as are those which are 
seen by reflection from a highly polished surface. The per- 
fection and fidelity of the pictures are such, that, on exa- 
mining them by microscopic power, details are discovered 
which are not perceivable to the naJced eye in the original ob- 
jects, but which, when searched for there by the ud of optical 
instruments, are found in perfect accordance : a crack in plas- 
ter, a withered leaf lying on a projecting cornice, or an acoa- 
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mulation of dust in a hollow moolding of a distant building, 
when they exist in the original, ore futhfully tx^ied in these 
wonderftil pictures. 

The subjects of most of the numerous specimens which I 
saw, were views of streets, bouleTards, and buildings, with a 
considerable number of what may be termed interiors with 
sUll life ; among the latter were various groups made up of 
plaster-casts and other works of art It is difficult to express 
intelligibly a reason for the charm tvhich is felt in behold- 
ing these pictures ; bat I think it must arise, in some mea- 
sure, JTOm finding that so much of the effect which we attri- 
bute to colour, is preserved in the picture, although it CMiast 
only in light and shade ; these, however, are given with such 
accuracy, that, in consequence of different materials reflect- 
ing light differently, it is easy to recognise those ofwhich 
the diflerent objects in the groups are formed. A work in 
whit« marble is at once distJi^uished from one in plasterof- 
Paris by the translucency of the edges of the one, and the 
opacity of the other. Among the views of buildings, the fol- 
lowing were remaricable : A set of three pictures of the same 
group of houses, one taken soon after sunrise, one at noon, and 
one in the evening ; in these the change of aspect produced 
by the variations in the distribution of tlie light, was exempli- 
fied in a way which art could never attain to. 

One specimen was remarkable from its shewing the progress 
made by light in producing the picture- A plate having 
been exposed during 30 seconds to the action of the light and 
then removed, the appearance of the view was that of the 
earliest dawn of day ; there was a grey sky, and a few cor- 
ners of buildings and other objects beginning to be visible 
through the deep black in which all the rest of the picture 
was involved. 

The absence of figures from the streets, and the perfect 
way in which the stones of the causevray and the foot-pave- 
luonts are rendered, is, at first sight, rather puzzling, though 
a little reflection satisfies one that passing objects do not re- 
ut^iin long enough to make any perceptible impres^on, and 
that (interfering only fi>r a moment with the light reflected 
from the road), they do not prevent a nearly accurate picture 
oT it being produced. 
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Vacillating objects make indistinct pictores, e.g. a person 
getting bis boot cleaned by a decrottear gave a good picture, 
except that having moTed bis bead in speaking to the shoe- 
black, bb hat was out of shfq>e, and the decrottenr's right 
arm and brash were represented by a half-tiDted blot, tbrou^ 
which the foot of the gentleman was partially visible. 

There can be no doubt that, when M. Dagaerre's process 
is known to the pablic, it will be immediately applied to num- 
ba-less nsefiil purposes, as, by means of it, accurate views of 
architecture, machinery, &c., may be taken, which, being 
transferred to copper or to stone, may be disseminated at a 
i^teap rate ; and nsefbl books on many subjects may be 
got up with cc^ious illustrations, which are now too costly 
to be attunable : even tlie fine arts will gain, for the eyes 
accustomed to the accuracy of Dagnerrotype pictures, will 
no longer be satisfied with bad drawing, however splendidly 
it may be coloured. In one department, it nil! give va- 
luable fiioility. Anatomical and surgical drawings, so diffi- 
coh to make witli the fidelity which it is desirable they 
should possess, will then be eamly produced by a little skill 
and practice in the disposition of the subjects and of the 

%fat8. 

It is a curious circumstance that, at the same time that M. 
Daguerre has made this beautiful and useful discovery in the 
art of delineation, another Purisian artist* has discovered a 
process by which he makes solid casts in plaster of small ani- 
mals or other objects, without seams or repairs, and without 
destroying the model, (Moulage d'une seule pidce, sans couture 
ni reparage, et avec conservation parfaite du modele). I am 
in possession of several specimens of hb work, among which 
are casts of the hand of an infant of six months, so delicately 
executed, that the skin shews evident marks of being affected 
by some sli^t eruptive disease. I am, dear Sir, very faith- 
fiilly yours, 

Edinhv^lM Jmt ivsa. JoBN RoBISOH. 

Jamk* Tod, Egq. Secretuy to the Bociet; of Arta. 

" Hippoljte TiDcent, Uotdenr, Rue Neave St n^ncois No. M (an Harai). 
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Note by Dr Daubent to hit Memoir, contained in the Ediit- 
burgh New FhiloeophiccU Journal /or AprU 1839, in Sepfy 
to Frofetior Bischofi BeTtiarkt on the Theory of Fbleanot. 
(Communicated by the Author.) 

I hasten to correct an error, which a friend has had the 
goodness to point out to me, in the calculation entered into 
in my reply to Professor Bischof, concerning the relatiTe 
weight of the materiale of which ordinary lava consists, c(mi> 
pared to that of the metallic bases which are included in its 
composition. 

In this calculation I had erroneously estimated the specific 
gravity, both of the laro, and of its metallic constituents, 
from the proportion of their respective ingredients by weight, 
and not, as ought to have been done, from that of their re- 
spective (mlks ; thus giving to the lava itself a specific gravity 
of 3.206, and to its metallic constituents one of 3.40 ; whereas 
the true specific gravity of the former turns out to be 3.09, 
and that of the latter only 2.99. 

Although I felt the propriety of crarectii^ tlus inadver- 
tence from the moment it had been pointed out to me by my 
intelligent correspondent, I do not conceive that my argument 
is materially weakened by its admission. 

Whilst the chemical theory of volcanos supposes those por- 
tions of the interior of the globe in which volcanic operations 
take place, to contain, among other constituents, the metallic 
bases of the substances which are found to constitute lava, 
the opposite hypothesis necessarily assumes, that the mate- 
rials of the lava themselves existed before their ejection in the 
same position. 

But, on either supposition, we have equally to encounter the 
difficulty arising from the high specific gravity which mathe- 
maticians have assigned to the internal contents of our globe, 
and consequently are driven to the alternative of imagining, 
either that some denser material exists at a still greater depth 
than that from which the lava issues, or that the lava itself 
has had its density proportionally increased by the superin- 
cumbent pressure. 

Now, under such circumstances, the difficulty would be not 

,.: :.C"UX. 
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materially enbaoced, if the specific gravity of the ejected 
material had chanced to be only 2.39, instead of being, as it 
now turns out, 3.09, and this, as we have seen, is the whole 
amount of the difference, between the density of the lava 
itself, and that of the metals which are pretent in its com- 
position. 

I find, also, that, by my haste to reply to Bischof's objec- 
tions, I have been prevented &om noticing certain passages 
which appeared, since my remarks were penned, in the con- 
cluding portion of the Professor's memoir, having reference 
to my own views and arguments. I am not, however, dis- 
posed at the present moment to enter ftirther at length into 
this discussion, and will only remark, that Dr Bischof is cor- 
rect in concluding, that the chemical processes which I assign 
as the cause of the temperature of thermal springs, are not 
imagined to be going on near the suriace of the globe. 

If there be reason for concluding that volcanic phenomena 
result from certain chemical processes, the latter must at 
once lie very deep, and must take place throughout the globe 
very generally, although in various degrees of intensity. 

It does not, therefore, follow from tbb, that volcanos, which 
constitute only the most violent phase of activity of which 
these operations are susceptible, should be themselves uni- 
versally distributed ; but it does appear a natural consequence 
that thermal springs, which are the results of a more languid 
state of action of the same kind, should be as generally dif- 
fused, as we find them to be. Not, indeed, that the processes 
alluded to are necessarily going on everywhere, in the very 
spots from which thermal springs issue, but that a general 
elevation of temperature has been imparted to the materials 
of our globe at a certain depth beneaUi its surface, owing to 
those operations of a volcanic nature which are here and there 
in progress. 

With regard to the precise nature of the chemical processes 
which give birth to volcanos, I have always spoken with cau- 
tion, studiously distinguishing between the degree of proba> 
hility belonging to that part of the hypothesis in question 
which asserts the fact of the general absorption of oxygen gas 
throughout the interior of the globe, and that which uader- 
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takes to explain the latter phenomenOD, by suppofiing certun 
bodies, capable at once of decompoung water, and of com- 
bining with its oxygen withoat eliminating a volatile product, 
to exist in the spots at which the action ori^^nates. 

Wbatever dii&culty there may be in imagining the earthy 
and alkaline metalloids to exist amongst the number of these 
bodies, that difficulty will at least not be enhanced by suppos- 
ing them to be as generally distributed as the phentnnena 
themselTes appear to warrant as in suppo^g. If it be once 
granted, that potassium and sodiom contribute, by tbw* com- 
bustion, to feed the fires that glow beneath Vesnvios or Etna, 
there seems no reason why we should refuse to believe that 
the same substances may be present, wherever thermal waters 
or earthquakes indicate a similar Vnaa of phenomena. 

With these few remarks I am content to close the discus- 
sion, and shall not be tempted to resume it, until it shall 
either be shewn that the chemical phenomena observed during 
the several phases of volcanic action are inconidstent with the 
conditions of the theory I have adopted, or else that they can 
be satis&ctorily deduced irom the supposed existence of a 
high temperature in the interior of the globe. 
OxroBDt/«M 4. 1839. 



Oh the Mineralogical Nature <^ Terrettrial, FluviatiU, 
attd Marine Sheila. By M. L. A. Nxckxk. 

BaxwBTBa has remarked that mother-of-pearl, like ar- 
ragonite, possesses two axes of double refraction, (SibUo- 
thiqae UniveraeUe de Genive, vol il p. 182, March 1836.) Sub- 
sequent observations, by shewing that several species (^ ter- 
restrial and aquatic shells are otherwise connected with ar- 
ragonite, prove that this substance, and not calcareous spar, 
is the matter of which almost all shells are composed. 

On examining, with the magnifyii^ glass, a lAmaeeUa, that is 
to say, the interior shell of a grey and black Limax,* I found 
that the large mass of translucent, colourless, calcareous mat- 
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ter, which is covered by a surface having the form of a Bhell, 
afforded distinct traces of crystalline facets, some of Tvhicb ap> 
peared to be triangular like those of the diedral terminations of 
arragonite, and others in the form of elongated parallelopipeds 
like the faces of the prism of the same mineral I could not re- 
duce these faces to the rhombohedral system of the genus cal- 
careous spar ; and thns, although I could not determine the form 
of these crystaU, owing to their being so confusedly grouped to- 
gether, this drcoiQstance, in addition to the complete absence 
of lamellar texture, a slightly resiuoue though pretty high 
lustre, and an appearance perfectly analogous to that of ar- 
ragonite, appeared to me entirely to distinguish this crystal- 
line masB from calcareous spar. Besides, it makes a deep 
scratch on the clear and crystallized Iceland-spar. 

I afterwards remarked that the shells of the Helix poma- 
tia, the ^nadonla analina, and the Unio pictorum, likewise 
scratched the Iceland-spar. All of them, as well as the 14- 
tnacel/a, effervesce briskly with nitric acid. The ^nadonla 
has two layers of nearly equal thickness, the upper composed 
of crystalline prisms with axes parallel to each other and 
perfiendieular to the plane of the layer, the lower of compact 
mother of pearl. In the Unio pictorum, the upper layer is very 
thin, and the mother of pearl very thick. 

I now give the list of all tlie shells which [ have tried, and 
which scratch the crystallized calcareous spar more or less 
strongly. 

Terreilriul and Fiuviatite ShtUe. 
lAmattUa, (atrouglj). Hdit pomatia, (rather strongly), lld'n luntoraUt, 
yellow, adult, having a perfect month, (ttroogly). Hdiz nfmnndU, yellow, 
young, with an imperfect month, (fe«Uy). Jltlii air&vnandia, lining ghell, 
with the month, (very feebly on occonnt of its slight tUicknessuid its great 
fragility). Htlix triaMnm, (rather strongly). Pkya/unHimiU, becomes a- 
braded at the thinnest side of the month, but it scratches deeply, although, 
on acconnt of its fragility, mnch pressure cnuuot be employed. Xymiueiw 
attriailarit, (scratches, although it le fragile). Lguiaatii ilagnMt, (scratcbea 
strongly, although fragile). Anadonta anatina (stron^y). AnadoMti cyjtuea, 
(rather strongly). U»io pietortm, (itronglj). Cgelat Hsalii, dead and alter- 
ed, (scratches deeply, but becomes itself abiyded). 
Marin p Shelh. 
(ktrea tduiit, (scratches very strongly). IMrta panuitua, (still more so). 
Amiv^ fjihipjtiiim, (feebly). Anom'ia cglijutric-i, (very feebly, on aecoiint of 
VOL. XXVll. KO. LIII. JILT 1839. I. 
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tta great fragilitj). Mgtiha tdtdU, (strongly). Lutrnru ^jigan*, Fleming, 
(strongly). Mya Uvncata, (atronglj). MatXra ttvitoram, (strongly, olttiough 
fragile). Cardiim aeideat%m, (stronglj). Cjyrina iiiowJfca, (strongly). V'- 
wrvpif ptrforaM, (atrongty). PtUai opaatidarit, (more or laaa atrongljr)' 
8dat liUqiia, (oot strongly, although thick). SoUn. M$i$, (atrongly, ottliough 
fragile). Balaiuu (?) (strongly). PWoi tritpata, (strongly). 

It is remarkable, that two genera of perforating shells, the 
Pholas and the Venertipig, scratch calcareous spar strongly. 
Thus, the rugosities with which their shells are provided may 
assist, along with the acids with which they are furnished, to 
escavate the calcareous rocks which they inhabit. The idea 
that these shells were composed of carbonate of lime, seemed 
to render it impossible that they should perforate calcareous 
rocks, whose hardness was supposed to be equal to their own. 
It is now evident, that, as they are composed of arragonite, 
they may act mechanically even on the hardest limestones. 

If we add to this hardness a specific gravity also higher 
than that of calcareous spar, as found by M. de la Beche, 
there can be no doubt that the substance of most of these 
shells is arragonite. In fact, this specific gravity is, in the 
sliells determined by M. de la Bechc, in most instances higher 
than 2.7, which is that of calcareous spar, and is even as high 
as 2.8 in one case. T'he specific gravity of arragonite is 2.9 ; 
but we must recollect, that in shells the calcareous mineral 
matter is always mixed with organic matter, whose density 
must be very inconsiderable, and thus proportionably dimi- 
nish the specific gravity. 

Perhaps this last-mentioned matter exists in a greater pro- 
portion in those shells cited by M. de la Beche, whose specific 
gravity is below 2.7. Perhaps, also, calcareous spar may,, to 
a certain extent, enter into the composition of certtun species 
of shells ; and this would explain how a large Slrombas, af- 
forded to the Count de Boumon, in an accidental fracture, the 
incidences of the laces of the primitive rtiombohedron of cal- 
careous 5par. The two layers, of which certain shells are 
composed, as the ^nadontas and the Unios, may be, the one 
calcareous spar, and die other arragonite. If, then, the 
Strombus, cited by the Count de Boumon in his work on car- 
bonate of lime and arragonite, should be of the same nature 
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as the shells last mentioned, it mast be believed that it is the 
layer of the spar which caused a fraotm-e in the rhombic 
form in the individual in question. — (jdrmales de» tSciencst 
NatvreOet, 1889. j 



On an intereiHng mode of occurrence of Caicareoui Spar in 
Baaalt-tufa. By WtiiiAH Haidinqek, Esq. F.R.S.E. and 
Member of the Wemerian Natural History Society. 
Fresh sections have lately been exposed, during the exca- 
vations carried on near Scblackenwerth, with the view to ob- 
tain water for the new furnaces of Prince Mettemich. In 
these 1 lately had an opportunity of observing a mode of oc- 
currence of calcareous spar, which, on account of the conclu- 
sions to be deduced from it, is particalarly calculated to at- 
tract the attention of those who investigate the changes which 
the crust of our globe has undergone. I have to thank the 
kind orders of the Imperial Secretary Dr A. Schmidt, for an 
extremely interesting series of the specimens, and have also 
to acknowledge the attention of Mr Kellerman, who forwarded 
them to me. 

Between the layers of a more or less compact basalt-tufa, 
there occur masses, from whose form and surface it seems evi- 
dent that they were originally trunks of trees. The direction 
in which they lie is from west to east. They are of various 
diameters, being generally from one to eight inches thick. 
The most remarkable circumstance connected with them is 
their internal structure, which is displayed when the stems 
are broken asunder. As they lie between the layers, the in- 
terior, which was previously filled by the wood, exhibits the 
phenomenon represented in the wood-cuts, and in which Fig, 
1 is a transverse, and Fig. 2 a longitudinal section. It is there 
seen that the interior is replaced by radiated groups of crys- 
tals, which, proceeding frvm centres aa, and chiefly from the 
upper side, extend to the opposite walls. The small quantity 
of organic matter left behind is deposited in the lower por- 
tions & 6 in parallel fibres. 



iiizedbv Google 



Mr Haidinger on the occurrence of 
Fig. 1. Tig. 2. 



According to the form, the radiated portions and liie crystal^ 
most have been originally arragonite or prismatic lime-haloid. 
When, however, these are broken ia two, there is no trace of 
th e crystalline structure and conchoidal transverse fracture of 
that species, but, on the contrary, we find a combination of in- 
dividuals of the rhombohedral lime-haloid or calcareous spar. 
The previously formed crystals of arragonite, therefore, have 
been converted into calcareous spar by a subsequent supple- 
mentary process. In conformity to the experiments of Gustav 
Rose, we may assume that the pseudomorpht^is of arragonite 
in the wood has taken place during a high temperature, while 
that of calcareous spar in arragonite has occurred at a low tem- 
perature. The deposition of the basaltic tufa on the east 
side of the basaltic outburst, the flowing in of the boiled wood 
between the layers, occurred during a high temperature, while 
the waters found an outlet to the east, at the same period of 
time in which, by means of the elevation of the land to its 
present height, tiie valleys of the Elbe and Eger throughout 
their whole extent, burst across the solid land. The forma- 
tion of the crystals of arragonite occurred during the first por- 
tion of the period of cooling ; and the conversion of tlie arra- 
gonite into calcareous spar during tiie second portion, during 
which circumstances more nearly approached the state of mat- 
ters at the present day, and which is perhaps not yet arrived 
at a termination. As in other places in the neighbourhood, for 
example at Waltsch, arragonite is contained in a similar rock, 
without being converted into calcareous ^ar ; further observa- 
tions are necessary to decide, if rapid evaporation on one side 
and moist pressure on the other wore the circomstances which 
produced this difference. 

Eliooev, 8l\ Jane 18!I8. ,— ■ 
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His Kxcellency Count K. Sternberg added the following 
information on the subject to the above very interesting notice 
by Mr Haidinger. 

On the right bank of the stream which flows through 
Schlackenwertb, there is a range of hills running from south 
to north, which is covered by wood, and has a continuation tu 
the east ; at their base a canal b being formed, and near it a 
road, which is to lead to a new iron-work. In order to obtain 
the necessary space for this purpose, and to prevent the de- 
scent of the weathered rock, the southern declivity has been 
dug away to the extent of 4 fathoms in height and 2 fathoms 
in breadth. For a distance of 150 paces from tlie western 
point of these operations, there are found in a basalt-tufa, 
having its surface composed of knolls and tiyret-shaped masses, 
a vast number of stems of trees from 2 to 7 inches in dia- 
meter, partly perpendicular, partly oblique, and partly liori- 
Y.onXaS, all of which have their interior filled with calcareous 
^pa^. There were also found close at hand similar round 
spaces, in which stems of trees had existed, but which had 
rotted out and had not been'replaced. Owing to their being 
tilled with water, we cannot yet ascertain what still remains 
of woody fibres in these cavities, which can be sounded to a 
depth of 2 or 3 yards. We can follow those lying transversely 
to a distance of two or three fathoms. That stems of trees 
(tctoally existed here, is proved by separate fragments, in which 
■WG can recognise the woody fibres, but no further organiza- 
iion. Near these stems, in basalt-tufa, and deeper, in aflat 
liiyer of the rock, there are impressions of leaves with a middle 
rib, and many secondary veins, consequently of dicotyledonous 
plants. It is thus evident that a wood stood here which was 
enveloped in the liquid basalt. It would almost seem that the 
;,-i-eater part of the plants were gradually decomposed, and 
that the liquid from which the calcareous spar and arragonite 
w ere precipitated, filled up the cavities produced by the de- 
composition ; for it is remarkable how the radiated portions 
of calcareous spar, which, on a transverse fracture, proceed 
from more than one point, never cross one another, and also 
terminate in the round form of the true. I recollect no other 
L'xample of an analogous phenomenon. 
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In the eastern continaatioQ of the hills basalt occars, but no 
stemB of trees have been met with. — From Poggendorff^a An- 
nalen, 1838, voL xlv. p. 179. 



A new method of Bethipping a Sudder at Sea, and thai milh 
ease in the strongest weather. By Martin J. Roberts, 
Correct. Mem. R. G. S. of Cornwall, M. L. E. S., Sec 
Communicated by the Society of Arta" 
The late gales, or rather hurricanes, have claimed the at- 
tention of scientific men as phenomena worthy of elucidation, 
and we must rejoice that the task of collecting and arranging 
the facts for thb purpose has fallen on so able a man as Mr 
Scott Russell. 

But these gales have also called our attention in another 
and more painful manner, and our sympathies have been 
awakened by accounts of the dreadful loss of life and pro- 
perty that has taken place on our own shores. I may well 
quote an old song, and say 

" Ye gentlemen of England, who live at borne at case, 
How little do 70U think npon the dangers of the seas." 
Amongst these dangers, a frequent and a most fearful acci- 
dent is, the loss of the ship's rudder ; when this occurs, she 
lies a helpless log at the mercy of the waves, liable to broacli 
to, and be thrown on her beam ends, or have every thing 
washed o£F her deck. This accident (the loss of the rudder) 

* Beport«f the Committee appointed to inquire into Mr Roberts's new me- 
thod of Reshipping a Budder at sen. 
Committee— Admirot Sir D. Hilne, Rd. Hunter, Esq^ D. Stevenson, Esq., 
Jf. Slight, Esq. 

Present— fiir David Hihte, Rd. Hunter, Esq. 
The Committee oouuder the invention to be valuable, and calculated to 
afford, in many cases of extreme i&aget, a Epeedy meana of repairing the 
damago- 

The chafing on the grommet must be very great, and possibly rope made 
of Americui hides mig^t be found Co withstand it, if the wire rape should 
not prove suffideutly dnrable. The Committee tliinh that raanjr ships 
might be saved if the precautions recommended bj Mr Roberts were uni- 
versally adopted. Bs. Humtes, Conveatr. 
April 2«. 1B3B. 
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lately befel the Leith packet, and had she been a sailing ves- 
sel instead of being a steamer, she would not have escaped 
so easily. 

The loss of the rudder is an accident of which every sea- 
man has a great dread, and if any method can be pointed 
out whereby he can in a few minutes remedy this misfortune, 
he will, I am sure, hul it as a great boon. 

As I need not enlarge upon the importance of the object, 
I beg leave, without further preamble, to offer to this So- 
ciety's, and to the seamen's notice, a method of reshipping a 
rudder at sea, and this with ease in the heaviest gale of wind. 
The apparatus necessary for this purpose is simple, and is 
also cheap, an advantage that will have great weight with 
shipowners. The system of insurance is one that leads to 
great carelessness of the means of preserving life and property 
at sea ; and any plan for assisting En snch preservation, will 
(I am sorry to say) meet with bat little coontenance, unless 
it is cheap, and gives but little trouble. 

As an assistance in explaining my invention, I have brought 
a model of the stem post and rudder of a ship, shewing my 
method of reshipping a rudder. 

Before the ship leaves her dock, a hole must be bored in 
the heel of the stem post, of sufficient size to allow of two 
small ropes being rove through it ; these ropes I would re- 
commcDd should be of wire, such as I have nsed in my ship's 
Ughtning conductors ; they are made of copper wires laid up 
as a common hemp rope, are very flexible, can be rove through 
a small sheave, and possess great strength in a small com- 
pass. Let two ropes be rove through the hole in the heel of 
the stem post, and both parts of each rope be brought in 
board through the rudder case ; being of a small size, they 
will offer but little obstruction to the ship's progress, or to 
prevent them from doing so in the slightest degree, a groove 
may be made in the sides of the stern post for the ropes to 
lie in. These ropes must, of course, be rove before the ship 
leaves the harbour, and at sea they must he overhauled, or 
worked backwards and forwards occasionally (say once a-week) 
to keep all clear for running, should an accident to the rudder 
require their use. 

DcmizedbvGoOglc 



168 On a uetc ntethod of Seghipping a If adder at Hea. 

Let us now suppoee the ship's ruddw to be carried an'ay. 
In general, the rudder is only unshipped, and can be reco- 
vered by means of the rudder chains ; when this is the case 
bring the mdder upon deck. But if the rudder is totally 
lost, make use of a s^are one, which can be easily carried in 
separate pieces ; or in default of this, rig iq) a rudder of 
spars and ropes on Captain Pakenham's, or on any other 
easier plan. Having your rudder upon deck, let a hole be 
bored through the heet, and in such a part as will corres- 
pond with the hole in the stem post when the rudder is in its 
proper portion. Through the hole in the rudder work a 
grommet, either of rope or wire, but very strong, for this 
grommet must traverse freely in the hole. Now bring in 
over the quarter an end of each rope, rove through the stem 
poet, and make boUi tast to tiie grommet in the heel of the 
rudder. Then drop a guy rope through the rudder case, and 
bring the end in over the quarter, and make it fast to the 
head of the rudder. All is now prepared. Heave your md- 
der overboard, haul upon the guy made fast to the mdder- 
head (this will lead it to the mdder-case), and rouse in the 
slack of the rudder heel-ropes. Bring the rudder-head up 
the rudder-caee, and, when high enough, haul taut and belay 
your heel-ropes. The rudder-head guy-rope, which should 
be a strong one, may be now made fast to a spar going across 
the deck, or a frame-work may be made above the mdder- 
head, to which' the head-rope may be fixed ; this is to support 
the weight of the rudder, and thus take off the strain from 
the heel-ropes. But in a two-decked ship, as in a ship of war, 
the head rope may be fixed to a corline between the beams 
of the deck, immediately above the rudder-head. Every 
thing is now in its place, and the rudder is quite as secure, 
if not more so, than when the ship left her port . 

Those gentlemen in this Society who are seamen will im- 
mediately perceive the advantages of my plan ; but to those 
who are not, I may as well state that the great objection to 
all plans before suggested for reshipping a mdder b the diffi- 
culty of keeping the heel of the rudder down ; this arbes from 
several causes, viz., its own buoyancy, the ship's forward 
motion, and the action of the waves. All these causes combine 
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to throw up the heel of the rudder, render it useless in steer- 
ing die ship, and tear away the cambrous apparatus of guys, 
&c. usually led under the bottom of the ship with the inten- 
tion of keeping the heel of the rudder down. But by the me- 
thod 1 have now suggested, the rudder will be maintained 
in a good position, and in perfect security. 

My plan is, as I have before said, cheap and simple, and it 
will give me heartfelt satisfaction if this tjnggestion is ever 
found useful in a time of need. 

Martym J, Roberts. 



Notice of a cheap and simple method of preparing paper for 
Photographic Draming, in which the u9e of any gait of siltser 
it dispensed Kick. By Munoo Ponton, Esq., F.R.S.K., 
Foreign Secretary Society of Arts for Scotland. Commu- 
nicated by the Society of Arts." 

While attempting to prepare paper with the chromate of. 
silver, for which purpose I used first the chromate of potash, 
imd then the bichromate of that alkali ; I discovered that 
when paper was immersed in the bichromate of potash alone, 
it was powerfully and rapidly acted on by the sun's rays. It 
accordingly occurred to me, to try paper so prepared to obtain 
drawings, though I did not at first see how they were to be 
fixed. The result exceeded my expectations. When an ob- 
ject is laid in the usual way on this paper, the portion exposed 
to the light speedily becomes tawny, passing more or less into 
a deep orange, according to the strength of the solution, and 
the intensity of the light. The portion covered by the object 
retains the original bright yellow tint, which it had before ex- 
posure, and the object is thus represented yellow upon an 
orange ground, there being several gradations of shade, or tint, 
according to -the greater or less degree of transparency in the 
different parts of the object. 

In this state, of course, the drawing though very beautiful, 
is evanescent. To fix it, all that is required is careful im- 
n water, when it will bo found that those portions of 

* R«ud Iwforo tbc Society of Arts for Scotland 291h Atity 1839. 
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the salt which bare not been acted on by the light are readily 
disBolTed out, while those which haTe been exposed to the 
light are completely fixed in ttie paper. By this second pro- 
cess, the object is obt^ed white upon an orange gronnd, and 
quite permanent. If exposed for many hours together to 
strong sunshine, the colour of the ground is apt to lose in 
depth, but not more so than most other colouring matters. 

This action of light on the bichromate of potash diifers from 
that upon the salts of silver. Those of the latter which are 
blackened by light, are of themselves insoluble in water, and 
it is difficult to impregnate paper with them in an equable 
manner. The blackening seems to be caused by the forma- 
tion of oxide of silver. In the case of the bichromate of potash, 
again, that salt is excee^gly soluble, and paper can be eaMly 
saturated with it The agency of light not only changes its 
colour, but deprives it of solubility, thus rendering it fixed in 
the paper. This action appears to me to consist in the disen- 
gagement of free chromic acid, which is of a deep red colour, 
and which seems to combine with the pE^er. This is rendered 
more probable from the circumstance that the neutral cluro- 
mate exhibits no similar change. 

The active power of the light in this instimce, resides prin- 
cipally in the violet rays, as is the case with the blackening 
of the salts of silver. To demonstrate tiiis, three similar flat 
bottles were filled, one with ammoniurct of copper which trans- 
mits the violet rays, one with bichromate of potasaa transmit- 
ting the yellow rays, the third with tincture of iodine trans- 
mitting the red rays. The paper was readily acted on through 
the first, but scarcely if at all through the second and third ; 
although much more light passed through the bottle filled 
with bichromate of potassa than through the one filled with 
ammoniuret of copper. 

The best mode of preparing paper with bichromate of po- 
tash is to use a saturated solution of that salt ; soak the paper 
well in it, and then dry it r^idly at a brisk fire, excluding it 
from day light Paper thus prepared acquires a deep orange 
tint on exposure to the sun. If the solution be less strong or 
the drying less rapid the colour will not be so deep. 

A pleasing variety may be made by using sulphate ot indi- 
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go along wiUi the bichromate of potaeh, tlie colour of the ob- 
ject and of the paper being then of different shades of green. 
In this way also the object may be represented of a darker 
shade than the ground. 

Paper prepared with bichromate of potash is equally sensi- 
tive with most of the papers prepared with salts of silver, 
thon|^ inferior to some of them. It is not safBciently sensi- 
tive for the camera obscura, but answers quite well for taking 
drawings from dried plants, or for copying prints, &c. Its 
great recommendation is its cheapness and the lacility with 
which it can be prepared. The price of the bichromate 
of pota^ is 2a. 6d. per lb., whereas of the nitrate of silver 
only half an oonce can be obtained for that sum. The pre- 
paring of paper with the salts of silver is a work of extreme 
nicety, whereas both the preparing of the paper with the bi- 
chromate of potash and the subsequent fixing of the images 
are matters of great simplicity, and I am therefore hopeful 
that this method may be found of considerable practical uti- 
lity in aiding the operations of the lithogn4>hGr. 

M. Ponton. 
EdiiAursh, ISA May 1839. 



AMreit to the Geologicai Society of London, delivered at /he 
AfmimeTtary, on the Ibth of Februart/ 1839. By the Rev. 
WitLiAM Whbwbll, B.D., F.R.S., President of the So- 
ciety.* 

'* Gentlbuen, — In attempting a sketch of the subjects which 
have occupied the attention of the Society during the year, I 
should wish to retain that distribution of the science of geology 
according towhich I arranged my remarks in the Addresswhich 
I had last year the honour of reading to the Society ; I mean 
the primary cUvision into Deacriptive Geology and Geological 
Dgnmnica; the former implying a description of the rocks of 
the earth's surface according to an established classifii^ation of 

* The biographical part of this Addreea, wtmt of room forces us to delay 
Ull another opportmiitr. 
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iitratii and formations ; and the latter dealing with the stndy 
of those general laws and causes of change by which we hope 
to understand and account for the facta which Descriptive 
Greology brings before us; — in short, the preseat condition 
and the past history of the earth's crust. But as the laws of 
permanence and change, with regard to organized beings, 
differ very widely from the dynamics of brute matter, we may 
conveniently make a separate study of the relations of orga- 
nic life to which geol<^ conducts us, and may mark it by the 
name Pakeontologif, by which it is commonly known. I will 
add that it still appears to me convenient, for the present, to 
divide Descriptive Geology into two portions, — the Home cir- 
cuit, in which the order of superposition has already been 
established with great continuity and dutail ; and the Foreign 
region, in which we are only just beginning to ti-ace such an 
order. I shall also, as before, take the ascending order of 
strata. According to this arrangement of the science, I shall 
venture to bring to your recollection a feiv of the points to 
which our attention has mainly been ciilled during the past 
year. 

Deteriptive Geolcgy. 

" 1. Homa {North European) Otology. — Wlicn I stated ttiat Ouscrip- 
Live Geology has for its Usk the rcfercDcu of the rocks of some portion 
of tlio eotth's surfiice to an established cInEsificBUon into strata iind for- 
mations, it was implied, that the more common employment of the de- 
scriptive geologist must be to refer the rocks which he eiamines to some 
classes already fixed and reeognittd ; but it could hardly fail to occur to 
you, that from time to lime the leaders in this study will be called upon 
10 execute a more weighty and elevated ofRcc, in framiug the classiBca- 
tions which other observers are to apply ; in drawing the great lines of 
ilivbion and subdivision which fix the form of the subject ; in setting up 
the tvpe with which examples are to be compared; in constracting the 
language in which others are to narrate their iaets. Steps of this kind 
have formed, and must form, the great epochs in the progress of all 
R<-ience of cinsaiflcation, and especially in oura ; and I need not remind 
} ou how great the importance and tlie influence of such steps amongst 
vou have been. To pronounce at once upon the success of such steps 
must always be iu some degree hazardous ; since their success is in &et 
iliis, that they influence permanently end powerfully the researches, de- 
M-riptions, and speculations of fiiture writers ; and there are few of us 
« lio can pretend to the foresight which might enable us to s^, in any 
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special case, how for this will be so. Yet the great worka of Messn 
Murchison and Bedgwick, teniUog to the establiahmcDt of a classification 
of the 8tmt« below the old red sandstone (works which, od all aceouDts^ 
we must coDsidct as a joint undeitaking), appeal abeady to offer an 
augury which can hardlj be doubtful, of this influence and permanence. 
Mr Mutchisou'a appellation of the " Silurian System" bas already been 
adopted by MM. EUe de Beaumont and Dufresnoy, who have given it 
currency on the Continent: M. Bou^ and M. de Vemeuil aoDounce the 
diffusion of " Silnrian" rocks in Serria and the adjacent parts of Turkey 
in Europe ; oui own members, Hr Hamillon and Mr Btrickland, have 
extended theit nange to th^ Thncian BoapboniB ; M. Forchhammer of 
Copenhagen, visited the "Silurian region" to recognise the rocks of 
Scandinavia ; and MM. Omalius D'Halloy and Dumout hare just ex- 
plored it, to establish a parallel between its deposits and those of Bel- 
giam. It will be observed that some of the districts thus mentioned are 
oat of the limits of our geological Home circuit; and if the identification 
be really and permanently established in these cases, -will extend the li- 
mits within which the parallelism of geological series can be asserted : 
and this is, in effect, what ve have a right to look for^ sooner or later, in 
the progress of geological science. As we must be careful not to apply 
out domestic types without modification to other regions, bo must wo 
take care not to despair of modifying our scheme, so that it sliall be far 
more extensively applicable than it at first appeared to be. Of this pro- 
gress of things, examples are too obvious and too recent to require to he 
pointed out. 

The labours of Professor Etodgwick refer to the "Cambrian System^" 
which lies beneath the Silurian system, occupying much of North Wales, 
Cnmberlond, and a great part of Scotland ; while the Silurian system 
spreads over a great part of South Wales and the adjoining English coun- 
ties. The classification of the rocks of this portion of our islaud to which 
Professor Sedgwick has been led, though laid before you only at a recent 
meeting, is the fruit of the vigorous and obstinate struggles of many 
years, to mould into system a portion of geology which appeared almost 
too refractory for the philosopher's hands; and which Professor Sedg- 
wick grappled with the more resolutely, in proportion as others shrank 
away from the task perplexed and wenricd. I need not attempt any de- 
tailed view of his system : his First Class of Primary Stratified Rocks oc- 
cupies the Highlands of Scotland and the Hebrides, and appears in Ang- 
lesea and Caernarvonshire ; the crystalline slates of Skiddaw Forest, and 
the Upper Skiddaw slate-series come next. Above these is his Second 
Class, or Cambrian and Silurian System. The Cambrian is divided into 
Lower and Upper Cambrian, of which the former includes all the Welsh 
■eries under the Bala limestone ; the two great gtoups of green roofing 
slate and porphyry on the north and south sides of the mineral axis of the 
Cumbrian Mountains (of which groups the position had previously been 
misunderstood), and parts of Cornwall and South Dtwon. Tlie Upper 
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Cambrian ByBtem contuos a large part of the I^mmermuir cbain ; « part 
of the Cumbriaa Hillsj commeDcing with the cslcsreouB ^tes of ConiatoB 
aud Windermere ; the eystem of the BemTna and Soath Walee ; all the 
North Devon, and a part of the South Devon and Comi^ series. As- 
cendiog thus through a series of formstioDS distinguished and reduced to 
order by the indefatigable exertions and wide views of Professor Sedg- 
wick, we arrive at the Silurian system : and here we must seek our sab- 
divisions from the rich results of the labours of Mr Murchiaon. Tbeae 
HubdiviaiDna were published in the snmmcr of 1833. Like the Csmbrian, 
the Silurian is divided into a Lower and an Upper system, the fomer in- 
cluding the Llaudeito 6ags and the Caradoc sandstones ; the Upper Silu- 
rian rocks being the Wenlock shale and limestone, the Lower Ludlow, 
the Ajmestrj limestone, and the Upper Ludlow, which finally condacis 
us to the tilestones or bottom-beds of the old red sandstone. 

That these various aeries of Cainbrian and Silurian rocks arc really su- 
perposed on one another; that they arc jofitly separated into these groups ; 
and that the smaller groups are truly of a subordinate nature, divided by 
lines lc89 broad than those which bound the great series of formationa ; — 
these are points, of which the evidence must be sought in the works to 
which I refer. The evidence adduced hy Professor Sedgwick is mainly 
to be found in the great fact of superposition, supported by the circom- 
stances of dip, strike, cleavage, mineral character, and all the great inci- 
dents of mountain-masses. To proo^ of this kind Mr Hurchison is able 
to add the testimony of organic fossils, of which a vast and most instruc- 
tive collection is figured in his work. These fossils of the Silurian sys- 
tem, amounting in all to about 3fi0 species, are essentially distinct ftom 
those of the Carboniferous System and Old Bed Sandstone. This bdng 
so, the establishment of these great divisions is supported by that geo- 
logical evidence which properiy belongs to the subject. 

" Id detecting order and system among the monuments of the most ob- 
scure and remote periods of the eartli's history, it may easily be supposed 
that it has been necessary to employ and to improve all the best methods 
of geological investigation. Prof. Sedgwick's clasnScarion of the oldest 
rocks which form the surface of this island has of coune been obtained 
by a careful attention to the position and superposition of the mineral 
masses, and by tracbg the geogTaphioal continoity of the strata, almost 
mile by mile, from Cape Wrath to the Land's End. In this manner he 
has connected the rocks of Scotland with those of Cumberland ; these 
again with those of Wales ; and the Welsh series, thoi^ more obscurely, 
with that of Devonshire and Cornwall. In this survey he has constantly 
kept before his eyes a distinction, known indeed before, but never befbre 
so carefully and systematically employed, between the slaty cleavage of 
rocks and their stratificarion ; for the direcdons of these two planes, though 
each wonderfully persistent over large tracts, never, except by aoddent, 
coincide. He has taken for his main guide the direction of the sttKta, or, 
aait is called, the sfrttsofdie beds; and in such a oonrse, the theory of 
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Elie de Beaumont rapecting the ponllelism of contMnpoianeous eleva* 
doaa, whether true or &lse, could not fkil to give an additional intereat 
to geological nseotches, conducted on bo laige a scale a* those of Fcot 
Sedgwick. Mr UuicfaiBOn'B mode of inveatigation inaj be deacribed thus : 
that he baa applied, foi the fint time, to the rocks below the old ted 
ssnditoae, Uw method of clawifioation pteriousl^ employed with ao mnch 
soccess for the oolites. It is tiulf lemaikable, that Nature baa placed 
in this OUT coioer of the world, senes, probably the most uomptel« which 
exist, of both these gtoupa of strata ; and aa the oolites of England have 
long been the tjrpe of that portion of European geology, the Silurians t^ 
Wales may perhaps soon be recognised as the standard memberaof astill 
more extensive range of deposits. As if Nature wished to imitate our 
geological maps, she has placed in the corner of Europe our island, coo- 
taiuing an Indets Striet of European formations in fiill detail. 

" The Carbon iierous. Old Bed, Klurian, and Cambrian systems have, 
by many writeta, up to the present lime, been all comprehended in the 
term " transition rocks," so far as that t«rm has been used with any de- 
finite applicaUon at all. The analysis of this vagne gtonp into these dis- 
tinct portions, removes the confusion and perplexity which have hitherto 
prevailed in this province of geology. Prat Sedgwick has farther pro- 
posed to Bf^ly the term Paiaoaoie ; and Mr Hurchison that of Protoaoie, 
to the rocka irhich constitute the Cambrian and Biluriau systems. 

" How far tbeae appellations are useful, we shall see when we iune 
had speculations presented to us in which they are familiarly used; for 
necessity ia the beat apology, ami etwvenience the best rule, of innova- 
tions in scientific language. In the names applied to the members of the 
Silurian system, Mr Murchison, following those examples of geological 
nomenclature which have been most clearly undetstood, and most gene- 
rally adopted, has borrowed bii terms from loealitiea in which standard 
types of each stratum oocur. If the ffiluiian system be as exclusively dif- 
fused as some indications seem to imply, we may find the Ludlow rocks 
in Scandinavia, and the Caiadoc sandslsne even b Patagonia. Whether 
a like identifioBtion of the mote andent rocks of the Cambrian series with 
the lowest formations of other countries be possible, may periiaps be (for 
the present) more doubtftiL 

" I have spoken of Mr Hntchieon's work as if it had formed part of 
our Proceodings, as, indeed, almost every part of it has done, although it 
now appears in a separate form. And I wUi add, that it is impossible not 
to look with pleasure upon the form in which the work appears, enriched 
as it is in the moat libera] manner, with every illustration, map, and seC' 
tion, picturesque view, and well-mariwd fossil, which can aid in bring- 
ing vividly before the reader all the instructive and interesting features of 
the formations there described. The book must be looked upon as an 
admirable example of the sober and useAtl spbndour whioh may grace a 
geological monograph. 

" Having been tempted to dwell so long on this subject &om my con- 
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victioii of iu importance, I must tlie more rapidly proceed tnlh the re- 
maindei of ,iDy aurrey. Mr Bowmao sent us * Notes on a small patch 
of Silurian tocke to tlie vest of Abergele' In this inTeetigstion, which 
is interesting to ua aa the first application of Hr HurclusoD's Silnrian 
■yatem, the author found strata of which some could be, by means of 
fossils, idendfled with the Ludlow rocks. Hi Malcomson has, by the re- 
muns of fossil fishes, shewn that the caldferoos oonglomeiate of Elgin 
represents the old red sandstone of Claehbinnie, as the Rev. G. Gordon 
had already supposed. Finally, proceeding to higher strata, we have to 
notice a trait of the fossil hifitory of the coal-strata near Bolton-lc-Moors, 
contributed by Dr Black. A stem of a tree thirty feet long, and inclined 
at an angle of 18° in a direction opporite to the strata, was diacovcred, 
having upon it a Stembergia, about an inch in diameter, extending the 
whole length of the stem, which had been, while lLving,.a parasite plant, 
like the mighty existing creepers of the tropical n^icns. 

" The moat curious addition to our fosal ^aractera of strata, are the 
footstepsdiacoveredon tbesnr&ceofbedcof theoewredsandstone. It 
is well known that several years ago such marks were discovered at 
Corncockle Muit, in Dumfiieeahire. Since that lime, similar discoveries 
have been made at various places, and especially in 1834, in the quarries 
of Hessebeig nem Hilbeigshauaen ; and to the animal which had pro- 
duced the impressions then discovered, the name of Cbirotherium was 
provisionally applied by Professor Kaup, In the quarries of Storeton 
Hill, in the peninsula of Wonal, between the Hersey and the Dee, marks 
were discovered strongly resembling the footsteps of the Cbirotherium of 
Kaup : these were described by a committee of the Natural History So- 
ciety of Liverpool, and drawn by J. Cunningham, Esq. Mr James Yntes 
has also described footsteps of four other animals from the same quarries ; 
end Sir Philip Egerton has gjven a description of truly gigantic footsteps 
of the same kind, which he terms the Chintherium Hereull*. 

" Mr Strickland gave us a nodce of some remarkable dikes of calcare- 
ous grit which occur in the lias-schist at Ethic in Ross-ahire, and whidi 
liad already been remarked by Mr Murchiaon, in bis examination of the 
coast of Scotland, in 182S. They appear not to have been injected from 
below, but filled in from above. 

" Mr Willinmson'a ' View of the Distribution of Organic Remains in 
part of the Oolitic Series on the coast of Yorkshire,' waa the welcome 
continuation of a labour of the same kind already executed for the lower 
portions of the aeries, and promised to be continned for the upper. 
Among the contributions to the foesil history of the oolites, we must al- 
so place Dr Buckland's ' Discovery of the fosnl wing of anjinknoirn 
Neuropteroua inaect in the Stonesfield slate.' This stratum, the Sloncs- 
field slate, has, during the past years, occupied the Society in the con- 
aideratitm of its fossils in no small degree ; but the speculations thus sug- 
gested belong to Polieontology tatlier than descriptive geology. Mr 
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MoTcliison'B notice of & specimen of the Oat's rock, which stands in the 
sea off the coast of Sussex, nine miles south of Little HomptoD, shews it 
to agree with some of the rocks in the gieensftnd or Portland beds ; and 
its thus belonging to the Strata below the chalk falls in with the remaA 
of its occurring between the parallels of disturbance which trsTene the 
Wealden of Sussex on the north, and the Isle of Wight on the south ; 
for these disturbances and other facts agree well with the notion of pro- 
truded strata between. The wealden strata themselves have been ob- 
served bj Mr Malcolmson, at Linksfield, near Elgin. It is remarkable, 
that these strata had already, verj unexpectedly, been found by Messrs 
Hurchison and Bedgwick in the Isle of Skye. 

I have also to notice Dr Buckland's account of the discoveiy of foanl 
fishes in the Bagsbot Sands at Ooldworth Hill, near Guilford. As these 
fossils resemble those of the London claj, Mr Ljell's opioion that the 
Bagshot Sands were deposited during the eocene period is strongly con- 

The fresh- water beds of the Isle of Wight, which had already supplied 
specimens of some of the Pachjdetmata of the Paris basin, have famished 
an additional supply of rich fossils, which have been examined by Mr 
Owen. He has found them to contain bones of four species of Paheo- 
tberium, and two species of Anoplotherium ; also a jaw of the Chseropo- 
tamus, a fossil genus established by Cuvier ; and another jaw closely re- 
lemUing that of a Musk Deer, which Mr Owen refers to the genus Dico- 
bune, a genus also established by Cuvlct upon die fossils of the Paris 
basin. Such discoveries falLng in with the conclusions obtained by the 
researches of previous philosophers respecting the tertiary period of the 
earth's history, and supplying what they left imperfect, cannot foil to give 
us great cooGdence in the results of those investigations, and to enhance 
our admiration of the sagacity which opened to us this path of dis- 

Dr Mitchell gave an account of his attempts to trace the drift ^m the 
cbatk, and strata below the chalk, as It exists in the counties of Norfolk, 
BufTolk, Essex, Cambridge, Huntmgdon, Bedford, Hertford, and Middle- 
sex. This drift 1 had occasion to notice in my Address last year, in re- 
ference to Mr Clarke's elaborate geological survey of Suffolk ; and I thf n 
stated that this diluvial deposit is known in the neighbourhood of Cam- 
bridge by the name olbroten clay. Dr Mitchell has shewn that this de- 
posit is of greater extent than we were before aware. But still to deter- 
mine with precision its principal masses, total extent, and local modifi- 
cations, would be a valuable service to the geology of the eastern part of 

As my order requires me to take the igneous after the sedimentary 
rocks, I must here notice Dr Fleming's " Remarks on the Trap Rocks of 
Fife," which he distinguishes Into three epochs ; — those of the eastern 
extremity of the oolites, which are variously associated with the old red 
sandstone ;— those which run from St Andrews to Stirling, which were 
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produced sitei tbe coal-mewareai—and those whiob ocoiu along the 
shoiMof tbe Forth, which occm in the higher coal-measures. 

1. Fordgn (Sovth furofMon and Tnmt-EuropeanJ Qeotogi). — In the 
mnoj of the ptogiess of out labours which I oflfered to your notice last 
jsax, I stated, ^lat, in pto«eeding beyond tbe Alps, and I miglit have 
added the Pyrenees, we do longer find tbat multiplied series of stmta, 
so tomaikably continuous uid similar, when their ideutitj ia properly 
traced, with which we have been fiunilior in our borne circuit. Yet the 
investigations of Mr Hamilton and Mr Strickland appear to shew, that 
we may recognise, even in Asia Minor, the groat formations, occupying 
the lowest and highest positions of the series, which ore well mailed by 
fo6»ls, namely the Silurian and Tertiary formations ; and also an iatec- 
mediate formation ooriesponding in general with the seconilaiy rocks of 
the north, but not as yet reduced to any parallelism with them in the 
order of lis mcmbera. Besides these scdimentaiy rocks, ig this, sa in most 
other oouDtries, there are found vast coUecdons of igneous rocks of va- 
rious kinds, which interrupt and modify, and may mask and overwhelm 
the fossiliferous strata. A paper has been communicated to us by Mr 
Hamilton, " On a pari of Asia Minor," namely, the country extending 
from the foot of Hassan Dagh to the great salt lake of Toozla, and tbenoe 
eastwards to Cnearea and Mouitt Argaus, and thus occupying a part of 
the ancient Cappadocia. 

It appears that in this district the igneous rocks occapy a large portion 
of tbe surface, and the sedimentary strata which are associated with these 
are not easily identified with those which occur in countries already exa- 
mined. Tbe district examined by Mr Hamilton contains a limestone bo- 
longing to the vast calcareous lacustrine formation of (be central part of 
Asia Minor, and beneath this, a system of highly-inclined beds of red 
sandstone, conglomerates and roarb, which are perhaps connected with 
the saliferoua deposits of Pontus and Qolatia ; but which could not bo aa- 
dsfiictoiily compared with the beds of the south of Europe, for want of 
the occurrence of organic remains. In only one instance did Mr Hamil- 
ton observe the trace of orgauie bodies in tbe sandstone; these were im- 
pFessioQB resembling fucoids, and similar to those found in the Alpine 
limestone near Trieste. Ur Hamilton ascended to tbe sununit of Mount 
Argnus, which had not previously been reached by any traveller, which 
rises abruptly from the alluvial plain of Ctesarea to tbe height of 13,000 
feet 

We have another contribution to tbe geology of the countries exterior 
to the Alps and Pyrenees in Mr Sharpe's memoir on the geology of Portu- 
gal. He has examined witb great care the neighbourhood of Lisbon, and 
has traced tbe superposition of the strata, naming the moat conspicuous 
of them from the {daces in which they are well exhibited. His series (ex- 
clusive of igneous rooks) consists of San Pedro limestone (which rests 
upon tbo granite), slate-olay and shale, Espiohel lunaitone, red Mod- 
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atone, faippnrite limestone, a lower tertiuy eoD|^omente, the Almada 
bedt, and the upper tertiary sand. In the If emoirs of the BoTttl Acade- 
mj of Beieaoea of Lisbon, for 1B3I, Baron Eschw^ had eznininod a 
geological section taken across the mouth of the Tagos, and passing from 
the granite of the Bern of Cintra, to that of the Berra of Arrabida. But 
bis identifications of the Portugnese beds do not agree widi those of Mr 
Sharpe, and have indeed the lur of proceeding on the arbitrary assamp- 
tion of a correspondence between this and other parts of Europe. Thus 
Bsroa Eschwege baa referred both the Son Pedro and the Espichftl lime- 
stones to the magnesian limestone ; the red sandstone-formation he con- 
eiders OS Bunter Sandrtein, while Mr Sharpe refers it to the age of our 
Oolites ; the hippnrite limestone (now acknowledged to be the equiva- 
lent of oni chalk and greextsand), M. Gsehwege makes to be Jura lime- 
stone ; and the Almada beds he would have to be naslie Clay and Cal- 
caire OroBsier. Mr Sharpe is very properly attempting, by a further study 
of the organic fossils which he has procured, to confirm or correct the 
identifications to wliich be has been led. It is only by thus starting from 
dififarent points, and tracing strata by their continuity, that wo can hope 
to cover the map of Encope, and finally tiie world, with geological sym- 
bols of a meaning fUDy understood. 



" The portion of our subject which we term Palteontology might, at 
first sight, seem to form a part of zoology mther than of geology ; since 
it is concerned about the forms and anatomy of animals, and dlfibrs from 
the usual studies of the zoologist only in seeking its materials in the 
strata of the earth's cruet istead of upon its surfece. Yet a moment's 
thought shews us how essential a part of our science the zoology of ex- 
tinct animals is ; for, in order to leant the history of the revolutions which 
the earth has undergone, wo must seek for general laws of succession in 
the renuuns of organic life which it presents, as well as in the position 
and structure of its brute mBSSes. And since snob general laws must 
necessarily be expressed in terms of zoology, it becomes our business to 
define those terms, so that they ehall be capable of expresnng truths 
which include in their circuit the past as well as the present animal and 
vegetable population of the world. 

" An example of this process has occupied a large portion of our at- 
tention during the past year. It appeared to be a proposition universaHj 
true, that the oldest stiata of the earth's sur&ce contained cold-blooded 
animals only ; and that creatures of the class mammalia only began to 
exist on the surface after the chalk strata had been deposited and ele- 
vated. And when, to a mle of this tempting generality, a seeming ex- 
ception was brought nnder our notice, it became proper to examine, whe- 
ther the anatomical line, which enables us to separate hot-blooded &om 
cold-blooded animals, had really been rightly drawn ; and whether, by 
lecti^fiug the supposed characteristic distinction, the exception might 
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not be eliminated. TLc exception, on wliicli tbie very inatmctj»e point 
waa tried, consistud in a, few jaw-bones of a fosml ftnimal, whicb, tbouj^h 
occurring in tbe Stonesfield slats near Oxford, a bed belonging to tlie 
oolite formation, bad been referred by Cuviei to Ibe genus Didetphjs, 
and thus placed among maisnpial mammals. In August laat, M. de Blain- 
viUe stated to the Academy of Bciences of Paris bis reasons for doubling 
the justice of tbe place tiins assigned to tbe fossil animal. Fonnding bis 
views principally upon the number and nature of the teetb of the foesil, 
lie asserted that the animal, if a mammal, must come nearest the phocse ; 
but be rathei inclined to believe it a saurian reptile; fbllowmg, as he 
coneeuTed, the analt^ea oflbred by a' supposed fosal saarian described 
by Dr Hoilao of Philadelphia, and termed by bim BasilosauniE. H. Va- 
lenciennes, on die other band, asserted tlie propriety of the place assigned 
by Cuvier to tbe fomil animal, although he made it a new genus ; and 
gttve to the species the name Thybteethtriuta PrewutH, The contio- 
Tersy at Paris bad its interest augmented when Di Buckland, in Septem- 
ber, carried thither tbe specimens in question. From Paris the contro- 
versy was transferred hither in November, and principally occupied our 
attention at our meetings till,the middle of Jannary. 

" One advantage resulting from the ample discussion to which the ques- 
tion has thus been subjected, has been, that even those of us who were 
previously ignorant of the marks by which zoologists recognise such dis- 
tinctions as were in this case in question, have been put fully in possea- 
non of the rales and the leading examples which apply to such cases. 
And lience it will not, I trust, be deemed presumptuous, if, without pre- 
tending to any power of dedding a question of loology, I venture to 
slate the result of these discussions. It appears, then, that some of the 
marks by which the under jaws of Mammals are distingnished from those 
of Bauiiana are the following: (1) a convex condyle; (2) a broad and 
generally elevated coronoid process ; (3) rising near the condyle; (4) the 
jaw in one piece ; (fi) tbe teeth multicuspid, and (6) of varied forma, 
(7) with double fongs ; (8) inserted in distinct sockets, bat (9) loose and 
not Bocbyhised with tbe jaw. In all these respects the Saurians differ ; 
having, for insUnce, instead of a mmple jaw, one composed of six bones 
with peculiar forms and relations, and mariced by Cuvier with distinct 
names ; having the teeth with an expanded and simple Hng, or ancby- 
losed in a groove, and so on. Of course, it will be supposed, by any one 
acquainted with the usual character of natural groups, that this line of 
distinction will not be quite sharp and unbroken, but that (here will be 
apparent transgressions of the rule, while yet the unity of the group is 
indubitable. Thus the Indian Monitor and tbe Inguana, though Saurians, 
violate the teeofid character, having an elevated coronoid process ; but 
then it is narrow, and this seeming defect in our second character is fur- 
tiier remedied by the third ; for in those Saurians there is a depressed 
space between the condyle and tbe coronoid process quite different from 
ihat which a mammal jaw exhibits. Agun, the teeth of Crocodiles, PJe- 
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■iosanre, and tlie like, are inserted in diBtinct sockets ; but tlien tke; 
bavo not double &ng8. The Banlosaunis iras supposed to be n saurian 
witli doable-fanged teeth, but tbat exception was disposed of nfteriraTds. 
And as there are thus saurians which trench upon the characters of maift* 
nals, there are mammals in which some of the above ebaiacteis are waut- 
iDg : thus the condyle is slightly or not at all convex in the Ruminantia; 
there is no elevated coroDoid process in the Edentata ; the Dolphin and 
Porpoise have not multicuspid teeth ; the Armadillo has not varied forma 
of teeth, nor has it donble fangs to its teeth, which also the fossU Mega- 
therium has not. Still, upon the whole, the above appears to be the gene- 
ral line of distinction. Even if one or two of the above nine marks were 
wanring to prove the animal a mammal, still if the great majority of them 
were present, our judgment could not but be decided by the picponde- 
nince of characters. But if all the above characters of mammilla are pre- 
iient, and all those of saurians absent, it seems to be a wanton scepticism 
to doubt that the animal vras really warm-blooded. 

" Now it was asserted by Mr Owen, who brought this subject before 
lis, that this b the case ; that all die characters which I have enumerated 
iibovc exist in the Stonesfield jaws. If we satisfy ouiselves that this is 
the case, I do not see how we can avoid assenting to his opinion, — that 
the aninuil belonged to the class Mammalia. 

"Everysuchqnestion'of classification must resolve itself into two; ^lat 
of the doAm, and thatof the ftmfenee of the characters. Ifwe assent to Mr 
Owen in his view of the former, we are then led to consider the latter. 

" M. de Btainville, at least in his first examination, had laboured under 
tlie disadvantage offormingthisjudgments from costs and drawings only of 
tlie Stonesfield bones. Under these circnmstances, he had denied seve- 
ral of the above characters ; he had held that the teeth in the Thylaco- 
ilierium are uniform ; and that they oie confluent with the jaw ; and that 
;he jaw is compound. These statements Mr Owen, resting upon a care- 
ful examination of the specimens, contradicts. The assertion of the com- 
pound nature of the jaw is occasioned by a groove near the lower margin 
uf the jaw, which, however, is sot so situated as to represent the saurian 
sutures, but is completely eiplained by supposing it to be a vascular 
ranal, such as exist in the Wombat, Didelphys, Opossum, and similat 

" Another specimen, at that dme the property of Mr Broderip, but 
ntiw very properly placed in the British Museum, exhibits a jaw similar 
indeed to the Thylacothere, but belonging to a different genus ; and to 
this species Mr Owen has given the name Phtueolatherivm Buehlandi. 
But these generic names imply that the animals are pouched animals ; 
and in addition to the reasons which led Cuviei to this opinion, Mr 
Owen has noticed in the fossils an inflection of the loweredgeof the jaw, 
\tliich, so &r as has been hitheKo observed, occurs in Marsupials, and in 
them alone. 

" A* if this question tiad been destined to be settled at this time, the 
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only remaming donbt with regard to the posmble existence of double 
fangs is the teeth of a saurian wm removed hj tlic aniTal in London of 
Dr Harian with his ' Bajrilosaurns.' That gentleman, with great liberality 
and oandonr, allowed sections of the fosril to be made in such a manucT 
as to expose the strDctnre of the teeth. And these being exaTDincd by 
Hr Owen, and compared with the general laws of dental Btmcture which 
he has lately discovered, it appeared that Dr Uailan's fossil was by no 
means a sanrian, bnt an animal nearly nllied to the Dugong, to which Mr 
Owen proposes to apply the generic name of Zenglodon, expressing the 
conjoined form of its teeth. 

" I have not hesitated to Ifiy before you the view of this subject to which 
I have been led by the discussions in which we have been engaged, not- 
withstanding the very great authorities which incline to the other side 
of the balance. Among these I hardly know whether I am to reckon 
Mr Ogilby, who laid before us a very instructive communication, in 
which, without deciding the point, he pointed out the difficultiee whidi 
appear to him to embarrass both i-iews, and eBpeciallj to contradict the 
opinion of the marsupial nature of the animal. 

" I have dwelt the longer on this controversy, since it involves con- 
riderations of the most comprehensive interest to geologists, and, we 
may add, of the most vital importance. For— <fe nanma reipnbKea agi- 
tur, — the battle was concerning the foundations of our philosophical 
oonstitution ; concerning the validity of tiic great Cuvierian manim, — that 
from the fragment of a bone we can reconstruct the skeleton of the ani- 
mal. This doctrine of final causes in animal structures, as it is the guid- 
ing principal of the zoologist's reasonings, is the basis of the geologist's 
views of the organic history of the world; and, that destroyed, one-half 
of his edifice crumbles into dust. If we cannot reason from the analo- 
gies of the existing, to the events of the past world, wc have no founda- 
tion for our science ; and yon, gentlemen, have all along been applying 
your vigorous talents, your persevering toil, your ardent aspirations, idly 
and in vain. 

" Besides the important investigations thus referred to, wc owe to Mr 
Owen other palceontological contributions. The genns Qiampotamut, es- 
stablisbed by Cuvicr from an imperfect fragment of the bone of a skull, 
was asserted by him to be a Pachyderm most nearly allied to the Pec- 
cari. A Augment of a lower jaw of the same genus, found by Mr Dar- 
win Fox in the Isle of Wight, confirms thts view, but indicates in 'some 
points an approach to the carnivorous type. And it was remarked as in- 
tetcsting, that the living genus of the hog tribe which most rescmhias 
the Chnropotamus, the Peccsrii exists in South America, where the Ta- 
pir, the nearest living analogue of the Anoplothere and Palraothere, the 
associates of the Chsropotamus, also occur. Another jaw, fbund by Hr 
Pratt hi the Binstead quarries in 1830, and resembling that of the Musk 
Deer, Mr Owen refers to a now species of Cuvier's genua Dicobune, un- 
der the name DieAcAttne eervinum. Hr Owen has also given us a de- 
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sniption of Lord Cole's spoohneii of PiMiomnu ffloofOiMpAaAu,' vliicti 
he compaies with Mt CoBjhette'a PkiiaMurtu DoIMutdeirut, by este- 
bitsliiiig an nitennediate species, ftranded upon a specimcii existing iM 
the British Hosmm, and temed bj him PM<Minir«# Hamkintii, Be- 
tides tracin]( the analogies which oennefit these with each otlier, and 
comparing tiiem with the two great mocHflcatioBS of the Banrian tribe, 
the crocodiles and the Gzards, Mr Uwen ftresented liis lemaiks on the 
fimn of tbe PlesiosBiirian Tertebm, fmntding them npoR algmeral view of 
die elements of which all vertcbne are constbated. 

" To the commuDications thus made to ns, we may add MrOwen'sde* 
tcrmmation of another Kulnudi of wMch tlu; nmains btongbt from the 
neighbourhood of BueooB Ayres, Me amosg the manj treasures of this 
kind which we owe to Bit Woodbine PaiMi. This animal, of gigantac 
dimensionG, appears to have been allied to tbe Megatberinm, but with 
closer affinities to the Atmadiltos ; and it probablf possessed the chaiao- 
teristic armour, of which, m the Megatherium, the existence is perhaps 
problematical. MrOwen has termed it O^>p(o(ti>n,fkim the fiirrowedshape 
of il5 teeth. 

" In another cwnintroication Mr Owen endesvosred to kcconnt for the 
dislocation of tbe tail of the lehUiyoBannu at a certain prnnt, which is 
observKble in many of the fossil sheletons of that aiumal. This ciiciun- 
stance, so remarkable from its general occurrence, and which Mr Owen 
was the first to obserre, be is disposed to account for, by supposing a 
broad tegumentary fin to baTo been attached to tbe tul for a portitm of 
its length, the position of which fin most, He oonoeives, bave been yerticaL 
" I cannotclosemjennmerationof the valnableeontribudons for which 
we arc indebted to Hr Owen, nithont remarking how well our anttcipa- 
tioos have been verified, when, in awarding him the Wollaston medal last 
year, we considered tbe labcmrs which we thus distingni^ed ns only the 
beginning of an enlarged series of scientific aucoeases ; and how wril also 
Mr Owen's own declaration, that he sbonid lose no available time or op- 
portunity which could be applied to polnontological research, has been 
borne out by the services he has rendered that bmnoh of onr science. 

" In tbe remunder oS my review of what has been done among us in 
Palroontology 1 most necessarily be very briet 1 have already mentioned 
the diacovery of fossil fishes in the Bagshot sand. These Bshes have sup- 
plied three new genera, which Dr Buckland bas distinguisbed and has 
named £dapluub>n, Pastaiodon, aitd Am^todon; of which the two first 
offer combinations of the obaracten of bony and cartjlaginoas fiabea. Mr 
Stokes has ^ven us hia views of the stmcture of tbe aoiniBl to which be- 
longed those fossils with which wc are so familiar undM the name of Or- 
tboceratites. He is of opinion, that these fossils, in their living condi- 
tion, existed as a shell, enveloped within die body of Ae animal to which 
they belonged. He has distinguisbed three genen of these shells, to 
which he ass^ns tbe names Aetinoteraa, Ormoeerat, sad Hvfonia. The 
Uaf^nis of NortliHnpton also baa axamined those minute spin! sbdk 
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which occur in tlie oh&lk and chalk flints, and have been termed B[nro- 
lioites. And, finallj-, tmdor this bead I must mention Mr Alfred Smee's 
p&per on the state in which animal matter is usuallj found in fouili. 

" Mr Austen's hypothesis of the origin of the limestone of Devon, 
though belonging in some mea«nre to Qeologkal Djnamics, may perhaps 
be mentioned here, since he explains the position of those heds by refe- 
rence to the habits of the coral animal. Mr Austen has already shewn 
himself to us ai an excellent observer; and in constructing geological 
maps, a tnsk requiring no ordinary talents and temper, he has earned our 
admiration. We shall therefore not be thought, I trust, to depreciate his 
labours if we receive with less confidence specuhtious in their nature 
more doubtfiil. As we can hardly suppose the calcareous beds of Devon 
to have had an origin diffeient from those of other countries, we cannot 
help receiving with some snspielon a doctrine which would subvert al- 
most the whole of our existing knowledge of the relations of fosailiferous 
beds of limestone. 

Geological Dynamic*. 
" In that part of geology which I have termed Qeologicat Dynamics, 
and which investig&tes and applies those causes of change by which we 
may hope to explain geological phenomena, we may still observe that 
fundamental antithesis of opinion which has so long existed on the sub- 
ject: — the division of our geological speculators into Caliutrophitt* and 
Unifbrmilariant ; — into those who read in the rocks of the globe the evi- 
dence of vast revoIuUona, of an order different from any which those of 
man haajsurvived : — and those who^see in the condition of the earth the 
result of a series of changes which are still going on without decay, the 
same powers which produced the existing valleys and mountains being 
yet at work about us. Both these opinions have received their contri- 
butions during the preceding year : Mr Darwin having )ud before us his 
views of the formation of mountun-chuns and volcanos, which he con- 
ceives to be the effect of a gradual, small, and occasional elevation of con- 
tinental masses of the earth's crust ; while Mr Murchison gathers from 
the researches in which he has been engaged, the belief of a former statu 
of paroxysmal turbulence, of much deeper rooted intenuty and wider 
range than any that are to be found in our own period ; and M. de Beau- 
mont in France, has endeavoured to prove that Etna and many other 
mountains must have been produced by some gigantic and extraordinary 
convulsion of the earth. Both Mr Darvrin and M. de Beaumont refer to 
the same examples; and while M. de Beaumont concurcs that the cones 
of the Andes must have been formed by an abrupt elevation, caused by 
subterranean force, Mr Darwin has maintained the opinion, that these 
lofty summits have been gradually thrust into the place which they oc- 
cupy by a series of successive injections of molten matter from below, 
each intruded portion of fluid having time to harden into rock before it 
was burst and again injected by the next molten maas. For bow other- 
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wise, he asks, can we conceive the stiata to be thrust into a vertical po- 
sition b^ a liquid from below, without the verj bowels of the earth gush- 
ing oat f Without attempting to answer this question, we may observe, 
that when we suppose, as Mr Darwin supposes, a vast portion of the 
earth's crust, the whole territory of Chili for example, to rest on a lake of 
molten stone, there is considerable force in M.de Beaumont's argument: 
— that when such a fluid is raised to the top of a mountain ten or twenty 
thousand feet high, the pressure upon the crust which is in contact with 
the fluid must be more than a thousand ntmosjiherea ; and who, Ac too 
asks, flatters himself that he knows enough of the interior machinery of 
volcanos, to be curtain,that this vast pressure, acting upon a large surface, 
may not, by some derangement of its safety-valve, ttie volcanic vent, pro- 
duce eflects to which we cannot assign any limit ? 

In speaking of Mr Darwin's researches, I cannot re&ain from expressing 
for myself, and I am sure I may add for you, our disappointment and 
regret that the publication of Mr Darwin's journal has not yet taken 
place. Knowing, as we do, that this journal contains many valuable 
contributions to science, we cannot help lamenting, that the customs of 
the Service by which the survey was conducted hnve not yet allowed this 
por^on of the account of its results to be given to the world. 

Although not communicated to us, but to our Alma Mater the Boyal 
Society, I may notice Mr Hopkins's endeavours to throw light upon such 
subjects as this by the aid of mathematical reasoning. The researches of 
Mr Hopkins respecting the effecta which a force from below would pro- 
duce upon a portion of tlic earth's crust have already interested yon, and 
would be of still greater value, if llic dirccdons of faults and fissures 
which result from his theory did not depend very much upon that which, 
in most cases, we t^nnot expect to know, the form of the area subjected 
to such strain. Mr Hopkins has since been employing liimEcIf in tracing 
the consequences of another idea, truly ingenious and philosophical, and 
which a person in full possession of the resources of mathematics could 
alone deal with. Some of the effects which the sun and moon produce 
upon the earth (as the precession and nutaUon,) include the attraction 
of those bodies upon the interior portion of the earth, and have hitherto 
been deduced from the theory by mathematicians, upon the supposition 
that the earth is solid. But what if the central portion of the earth were 
fluid ? What if it appeared, by calculation, that the fluid internal con- 
dition would make the amount of the precession of the equinoics, or of 
the nutation of the axis, different from that which the solid spheroid 
would give ? What if it appeared, that the precession and nutation thus 
calculated for a fluid interior agreed better with observation than the re- 
sult hitherto obtained by supposing the earth solid f If this were so, wc 
should hare evidence of the earth's interior fluidity, evidence, too, of a 
perfectly novel and striking nature. But to answer these questions Is far 
from an easy task ; the preci.'ssion of the solid earth is a problem in which 
Newton erred, and in which the greatest mathematiciaba of modem timet 
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have not found their ^atest strength miperfluous. Yet how incompan- 
bly more difficult in all eases is the mechanics of fluid than of solid bo- 
dies ! It ma;, therefore, require more than one trial before any satisfac- 
tory solution of the problem can be obtained. Mr Hopkins has attacked 
It by the aid of certain hypotheses, and the result is, bo for, not favour- 
able to the decislveDcss of this test of the interior condition of the earth; 
but, notwithstanding this state of things, 1 venture to say on your behalf, 
^ntlemen, that an idea so full of promise of that which we so much de- 
^Tc. and which seems to be so utterly out of our reach, the knowledge 
of the condition of the centre of the earth, — that such an idea is not to be 
slightly abandoned.* 

M. Necker, of Geneva, offered an addition to the causes of convulsions 
of the earth, which are contemplated by our Geological Dynamics, in a 
paper in which he ascribed the earthquakes which took place in the 
southern provinces of Spain, in IB29, to the falling in of strata, the sub- 
jacent gypseous and saliferous masses being washe<l out by subterraneous 
currents. Without denying all influence to such a cause, we may ob- 
serve, that it does not appear likely that there would be thus produced, 
simultaneously, any greater effects than those which are known to have 
occurred from the falling in of unsupported mines ; and these have never 
approached in their scale to any except the smallest earthquakes. 

While geologists are thus looking in all directions for causes which 
may produce the phenomenon which they study, it is natural that the 
powerful, but as yet mysterious, influences of electricity should draw 
their attention. Mr Robert Were Fox has endeavoured to shew, that 
by voltmc agency, a laminated structure, and deposits of metab in cracks, 
resembling metallic veins, may be produced in masses of clay. The ex- 
periments arc of an iuceresting kind, and it can hardly be doubted that 

■ The ro11o«ing are the reaults at vhich Mr Hopkins has arrircd, auppoaing 
the earth to consist of a homogeneous Bpheroidat shell filled with a fluid man of 
the same density as the shell;— 

1. The precession will bo the same, whatever be the thickness of the shell, u 
if the whole earth wore solid- 

2. The lunar nutation will be the same as for the solid spheroid, to such a 
degree of approximation, that the difference would be inappreciable tu ob- 

3. The solar nutation will be sensibly the same as fbr the solid spheroid ; un- 
less the thicknMB of the shell be very eearly of a certain value, something less 
than oae-fburth the earth's radius, in which case this nutation might become 
much greater than for the solid spheroid. 

t. In addition to the aboTe motions of precession and nutation, the pole of 
the earth would have a small circular motion, depending entirely on the inter, 
nal fluiditj. The radius of the circle thus described would be the greatest wlien 
the thickness of the shell should be least ; hut the inequality thus produced 
would not, for the smallest thickness of the shell, exceed a quantity of the same 
order as the solar nutation ; and fbr anj but the most inconsiderable thickneu 
of the shdl, would be entirely inappreciable to observation. 

Hr Hopkins intends hereafter to consider the case of variable daniity. 
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voUmc agcncf had Bome influeace in such cBsea as those described by 
Mr Fox ; aUhougb Mr Heuwood and Mf Sturgeon have Exiled in attempt- 
ing to reproduce his results, and although results auch resembling theso 
occm in cases where do electrical action is suspected. But wo may re- 
mark, that the conditions under vhlch such voltaic effects arc produced, 
hare not yet been attempted to be deQned with any accuracy ; and that, 
till this is done, the reality of such agency can neither be Tcrificd nor 
applied to geological speculations. 

A reflection which naturally offers itself upon this review of our recent 
career, is this: — that diflerent portions of the seicDco of geology advance 
with very dificrent rapidity. Descriptive Geology is constantly and ac- 
tively progressive : facts are accumulated by observers in every laud; 
and though &cts arc, in truth, of no value, at least for any purpose of 
science, except so ftr as they are reduced to some olassiBcation, yet, 
on the other hand, sound classifications are perpetually, almost neces- 
sarily, suggested, when observation is vigilant and pciscvcring. Even if 
we at fiist express our fkcts in terms of a false classification, we find af- 
terwards the means of translating them into the language of a true one. 
And the spirit of geological observation is so widely difiiisod, and so 
tlioroughlyroused, that I trust we need not anticipate any pause or retarda- 
tion in the career of Descriptive Oeology. I confess, indeed, for my own 
part, I do not look to see the exertions of the present race of geologists 
surpassed by any who may succeed them. The great geological thcorizecs 
of the past belong to the Fabulou* Period of the science ; but I consider 
the eminent men by whom 1 am surrounded as the heroic Jj)« of gcologj'. 
They have shun its monsters, and cleared its wildernesses, and founded 
here and there a great metropolis, the queen of future empires. They 
have exerted combinations of talents which we cannot hope to see often 
again eihibited, especially when the condition of the science which pro- 
duced them is changed. 1 consider that it is now the destiny of geology 
to pass from the heroic to the HUtorical Period. She can no longer look 
for supernatural successes, but she a entering upon a career, I trust a 
long and prosperous one, in which she must carry her vigibnco into 
every province of her territory, and extend her dominion over the earth, 
mi it becomes, for more truly than any before, an universal empire. 

Such arc the prospects of Descriptive Geology ;^-of the geology of 
focts and clasdfications. To our knowledge of causes, we C-an look with 
no such eertunty of its progress being steady and rapid; or rather, we 
are certain the advance must bo slow, and may be often and long inter- 
rupted. For it is not an advance, to suggest one or another hypothetical 
cause or change, without assigning Ihe laws and amount of the change : 
it is hardly an advance even to .calculate the results of our hypothesis on 
assumed conditions. To obtain by induction, from adequate facts, the 
hwsof change of the organic and inorganic creation, — this alone can 
lead us to those discoveries which must form the epochs of Geological 
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Dynamics. And wc havcjct to Icara, whether man's past duTation upon 
tbecBrtb, wbctbeteveotliat which is still destined to him, isEucbastoallow 
him to pluloaophiie with success in such matters; — whether, not indivi- 
duals on]jj not a generation alone, but whether the whole species be not 
too ephemeral, to penetrate, by the unassisted powers of its reason, into 
the niystecy of its origin : — whether man, placed for a few centuries on 
the earth as in a scbool-room, have time to strip the wall of its coaUng, 
and count its stones, before his parent removes htm to some other desti- 
nation. 

And nowj gentlemen, I approacli the close of my task, and of the 
office which has been imposed upon me; an ofBce which has been to me 
a source of unmingled gratification- The good opinion implied by your 
selection of me, the good opinion of such a body of men, was an occa- 
sion of sincere andcarnest self- congratulation,— a self-congratulation hard- 
ly damped by my consciousness of an imperfect acquaintance with your 
science; — since I trusted that you, though not unaware of my defects, 
had judged that good will, and a disposition to look at the subject in its 
largest aspect, might in some measure compensate for them. And if I 
needed other grounds of satisfacUon in the employment which I am 
thus bringing to its close, 1 might find thcin in the reflections I hare just 
been led to make is the progress and prospects of the science with which 
yon are concerned. Forit has ever been one of my most cherished occn- 
pations, and wiU, I trust, long be so, to trace the principles and laws by 
which the progress of human knowledge is regulated from age to age in 
each of its provinces. To hare had brought familiarly under my notice, 
in n living form, the daily advance of a science so large and varied as 
yours, has been, as it could not but be, a pennanent and most instruc- 
tive lesson; — perpetually correcting lurking mistakes, and suggesting 
new thoughts. And if, while 1 have looked at your science in this spirit, 
you have thought me worthy to be called to preside over your body for 
two years ; and if, during that time, you have not repented of yonr 
choice, as I have not found my views inapplicable to the subjects which 
have come before you ; 1 may, 1 would believe, find in this some ground 
for confiding in the trains of thought which have thus led me to such a 
portion ; and may hope that, however arduous be the task of framing a 
philosophy of science suitable to its present condition, and of using 
such a philosophy as a means of furthering knowledge in general, still, 
that in this task, to which our age is so manifestly called, 1 too may be a 
hdper. 

I trust that you will excuse these few words uttered with reference to 
my own peculiar pursuits, since these include yours also, and are my 
only claim to your indulgence. And now, gentlemen, that I may tres- 
pass upon that indulgence no longer, 1 once more thank you in all car- 
!;stness and sincerity for your good opinion which placed me in this 
cliair, and for the kindness and support which 1 have on all occasions re- 
ceived from you ; and with my beat wishes for your prosperity, and tbtt 
of your idenoe, I resign my office into abler heiidi. 
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Detcriplion of geveral Neio or Bare Plants wftick have lately 
Flowered in the Neighbourhood of Edinburgh, and chieflg 
in the JRoyal Botanic Garden. By Dr Gr&hau, Professor 
of Botany- 

1«A June 1839. 

Anadeoia Manglesii. 

flabng et gnbconcoloribmi, triGdU; fabui cuneiformibus, lateralibus 
-fidia, centmli 3-6-lido, scf^entis mncrunatis. 
Dhcbi?tioic — Slrvi erect. Brmolo scattered, Bpreading, aa welt aa the 
tniDkronnd, green, alightljiprtiiiioae. i>asn(l] inch long, and aa much 
broad, scattered, rigid, eprcading, cuneate, and tapering mt« a alender 
petiole, 3-lobed, green on both sides, paler and brighter below, triple- 
neired, veined ; the lobet cnneate, 3-£d towarda the apices, the centre 
lobe sometimes S-claft, each aesment terminated with a rigid 
it bdiin ■ - ■ - ■ 



hard and prominent bdiind, flat in front. Jiattina (about 1} 

jug) terminal, or, from appearing on very ahort branchlets, seem- 

be axiltarjr, man;-lloveK<l ; rachia alwajra atraight ; pedicel* (} 

an inch long) white, very slender, at first erect, afterwards spreading 

wide, or arching backwards. Flvmrt in pairs, springing from the axil 



wide, or arching backwiu^s. Flvirtr* in pairs, springing from the a: 
of a single bractea, the lowest spreading first. PeriaatK (about 3 lin 
long) glabrous, tetraphjltoua, at first opening between the claws, and 
adhering at the limb, which in this stage is green and capitate, after- 
wards reflected when the limb hecomea vellow, concave. Aatken ses- 
sile in the limb of the cal^, jellow, lobes slightly divaricated at the 
base ; pollen granules minute, white, S.angular. Pittil stipitate, and 
with its white glabrous fuotstalk as long as the perianth, prominent, 
and exposed when this is reflected. Stigma pink, conical, ft'lyie white, 
tumid m front. Gemtti yellow, projecting in front, OtaUt 2. 
We received Ihis plant at the Botanic Garden, Edinburgh, from Mr 
Lowe of the Clapton unrsery, in 1837, under the name of OrreilUa 
MangUiii, The flowers are small, but being very numerous, covering 
the whole plant, and remaining long in perfection, it is far from being 
deatitate of beauty. It first came into flower in the greenhouse, uoder 
the ordinar}' treatment of New Holland plants, in March, and now 
(Slst May), though the spikes of expanded flowers are clustered at tile 
apex of every branch, there is a long succession of undeveloped bnds. 

Bongardia, Meyer. 

Qenekic Chabactek. — Sepala 3-6 : extume nuda. Pelala 6, inius 
basi nuda, poro nectarifero instructa. Stylus disco foliaceo rcni- 
formi plieato mai^ne stigmatoso termiaatuB. Fructns inflatiui,mem- 
brauaceos, tuilocularis, indehiscens, 3-4 spermim. Senina subglo- 
bosa, fundo fructua inserta. Ilerbm acanles, glaberrima^, glauca>, 
radicfl tuberosa { fbliis omnibus radicalibus, pmnatiseclia ; scnpis 
^tice ramods, ad ratnorum basin squamosis ; floribus aareis. 
'B, Bauiailjii : foliorum segmentis cuneatis, semivcrticiUatis, atrinque 



Bongardia Sauwolfii, Meiftr, Enumeratio Flantarum in Mont, Cancas. 

et in Provinc. Caspiis collect, p. 174. 
Leontiee auTBOgonnm, Lin. Hort. Cliff'. 192.~7tid. Sp. PI. i. 447.— 

(. 8p. PL ii. 148.— P*n. Synope. i. 386.— Hort. Kew. ii. ^!Jt.—DC. 

Nat. ii.a4U-/6W. r " ' " 

—Sehtdta, Syst. Veget. v 

DkscUption. — Tiii<r round, reticulated. Ltar<t all radical, verticillato- 

mnuate ; leaflets ellipticu, concave nn the upper aide, cuneate at the 

MM, wbeni; on the npper ride, there is a lan^e brown mark, every 
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whero else gliiucons, frequently incised at the apox. Siiape erect, pani- 
calatc, round, glaucous, spotted with brown towards the baac ; branchee 
erect, eubteaded hj obloDgO'OVOtc, membranoua brown bracteffi. Flomat 

terminal. Oili/i of six leaflets, yellowish-green, glabrous on both sides. 



cated in the bud, concavo, slightly crisped at the apex, each with a 
iioctoriferoui pit at its ctaw, and a corresponding eibbosiiy on the out- 
side. SUunaa six, hypogynous, erect, opposite the pctaJB ; filaments 
short ; anthers loaeer than the filaments, curved inwards, aod flattened 
on the inner side, the lobes round and prominent on thi: bock, and there 
having a deep groove between them, opening by the rolling up of late- 



ral valves, connective blunt and projecting beyond the anther lobes ; 
liollen pale orange, granules small, elliptical. Pirtii rather loujfer than 
tbe Blameos, nearly half as long aa the |>etals ; style adherent tc the 
Kcrmcn from the base to the apex of this, and almost immediately on 
becoming free it is dilated and plicate; stigma marginal ; germen green, 
mombronous, inflated, I -celled, ovate, comprcesud, having many uarrow 
vertical membranous wings. Omla several (about 9), erect, stipitaM, 
arising from the base of tlio eoU. 



This very curious and interesting plant, so much rosembling Lamtia, yet 
so easily distinguished from it by the generic character quoted above 
(and for tbe tranaeript'of which I am indebti-d to Sir William Hooker, 



t being able at the time to ace the work in which it is published), 
flowered m the greenhouse of Dr Ncilt, CanonmiUs, Edinburgh, in the 
middle of April last. A tuber was received by him from Dr Fischer, 
St Petersburgh, three years oca ; which, when planted on tbe surfoce, 
shewed only leaves ; but on being immersed two inches in the soil, 
threw up a flower-stem. It is said by Meyer to abound in the hills, 
plains, and fields to the westward of the Caspian, and that tbe tubers, 
either roasted or boiled, are eaten by the Persians. Linnicus and eub- 
smj^ucnt writers tell us that it grows in corn-fields in Greece, aod 
Spreugcl and Schultes add Syria and Asia Minor. I am indebted to 
I'rofessor Don for the reference to Ilortus Kewensis, wliich I had over- 
looked. It appoars from this that the plant was ia cultivation iii this 
country a hundred years ago, but it had certainly been lost, till now 
n^in introduced by Dr Fischer. " The plant found by Olivier in the 
island of Scio, Meyer considers a distinct species, which he calls B. Wi- 
riiri ,- and ho supposes it to be who* De Caudolle (8yst. ii. 21.) has de- 
scribed as Leostae dtrutogonum'' — Lhn, MS. It does not seem unlikely 
that the plant in all the European stations may belong to this species, 
and that it may be distinguished from the pliuit on tno shores of the 
Caspian by the much greater length of its filamente. 

Epimedium MusschiaDum. 

£. Mtutduaimm ; foliis teraatis ; floribus aqtialide Ubidii, petslis ca- 
lycem superantibus ; stylo filiformi subcwitrale, aligmate sublobato. 
Epimcdtnm Hnsschianum, Morre* et DtCMwit, Ann. Be. Nat. 2de serie, 
torn, ii, p. 3fi3. 
DEscHtFTioH. — PttioUt sabcrect, trifid, swollen at the point of subdivi- 
sion, as well as its branches R>und ; barren mtt (in tne specimen de- 
scribed) glabrous and naked at tbe base, t^eir subdivisions monophyl- 
lous, half a« long as the petiole, leaflets oordate, glabrous, 7-nerved, 
briglit green above, aubglaucous helow ; fiowtr-beariit^ ob« twice as long 
as the others, sheathed at the base bv several ei^uitant, inflated, gla- 
brous, colourcrd, 3-Qerved stipules, loosely clothed wtth spreadiug tomen- 
turn, most abundant at its subdivision and at the origin of the panicle, 
branches unequal, the central the lonsfest, but less than half as long as 
the petiole, S-foliolatc ; leaflets very hairy on the lower side, at least 
when young. Pednitde (2^ inches long) arising from the petiole (about 
on inch) bcdow its subdiviaioui, rather less h^y thui tba petiole or ita 
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braficiies, saberect, bearing the pediceb, which are snbghArone, secvad, 
and often bipartite near its apex. BraeUtB smail, snbubtte, adprossed, 
BoliUuy below the origin of the pedicels and their subdivisiooa, and six 
imbricated adpressea upon the sideg of the calyx, sprinkled with red 

rta, deciduous. FUrmn while, drooping, the upper expanding before 
lower. tWyj Bpreadine m- suberect, reflexed, sepajs rhomboideo- 
laoceolate, marked obBCurelj on the boctc by several parallel colourlesa 
ribs. Ptiait erect, bluat, involute at the edge, together forming a short 
cylinder in the centre of the flower, each having a short, spreading, 
rabulate, compreiwed spur, reaching to abuat the middle of the sepal. 
Stantem yellow, erect, half as lung as the petals ; liliuneuts very short ; 
anthers elongated, subulate, 2-1obed, opening by lateral valves rolUng 
. up from the base ; connective pointed. I'iiSl scarcely longer than the 
etamens ; germen oUan^ ; style lateral, abont as long as the gemen, 
H;reen ; stioma cupped, fringed. 
We received this plant at the Botanic ClardeD, Edinbur^, fVom Mr 
Young of Epsom in 1838. It flowered for the first time lU the green- 
house in March 1839, but will, without daubt, bear cultivation m the 
open border. Itisoneof the maay acquisitions from tlie flora of Japan 
which European botanists owe to M. von Siebold. 

Epimedium violaceum. 

E. noiacmm ,- foUis triteraatis ; pedicellis subunifloris ; floribus viola- 

c«is ; petalis calycem euperanUbus ; stylo filiformi sublateraU. 

Epimedium violaceum, Morren a Dteaime in Ann. 8c. Nat. 1834, p. 3M, 

t.l2. 

DBScmirTioiT. — Barrm paitAt filiform, wiry, glabrous, triiid, swollen at 

the joint, subdivisions nearly as long as the petiole, swollen at their 

apicea, spreading, ea«h (iu the specimen described) supporting one ob- 



liquely cordate subacuminatc leaflet, which (at least when old) is gla- 
brous on both sides, apinnloso ciliate. Ftrt^. pttidit reddish-brown, 
nearly twice as long as the others, clothed with spreading h^rs both 
above and below the origin of the peduncle, trifid, and each branch 
much longer than the space below it, to the origin of the peduncle, 
supporting three cordate, acuminate Icafets, of which the lateral one* 
are oblique, the central equal, glabrous above, hairy below, 3-S-nerved, 
reticniate. Ptdaadeot unequallengths, taking its origin [about 1^ inch) 
below the Bubdiriaion of the petiole, and sometimes as long aa the leaf, 
generally shorter, round, and glabrous, ^ioinn violet, large and hand- 
ome, subtended by 3-1 deciduous unequal braaax, racemose in the up- 
per half of the peduncle, cernuous ; tbe lower pedicels occasionally 
supporting two flowers, the others one only. Sepatt four, ovalo-lonceo- 
late,acute,Bpreading wide, undulate. Pelal* imbricated, ronnded, cu- 
cullate, inflected in the edge, each with u subulate ascending spur, 
rather longer than the petal. Mudutu erect, shorter Ihnn the limb of the 
petals ; anther-cells opening by valves rolling upwards rather on the 
outside, so as to boar a flattened midivided aunace next the pistil ; pol- 
len yellow, granules small, oval ; filaments short, colourless. PiitU ra- 
ther longer than the stamens, but shorter than the limb of the petals ; 
germen green, oblong ; style shorter than the germen, somewhat thick- 
eued upwards, cupped at the apex, and bearing the stigmatic surface 
on the edges of the cup. OmUt about ten, attaefied to a latent placenta. 
This, the handsomest species of the genus, flowered ireelv under a hand- 
glass in the amn border, at the nursenr garden of Mr Gnnningham, 
Comelybank, Edinburgh, in A^n^ and iuiy 1839. 

Fabiaoa imbricata. 

F.iaMeatai frnticosa, ramocosMDia ; foliis imbricaUs, equamieforml- 

bns, floribos solitariis, terminalibna, lilacinis. — ^v. 
F^iana imbricata, R. 4 P. Flor. Femv. 2. 13. 1. 123.— Pert. Synops. I. 
n9.-~8pr. Sysfc Veget. I. 81ft. 
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DCBCBtrTiOM.—'Stnii (in the specimen describod 1 foot high) erect, miicli 
broached, bTBiichesqireading, shortly glaoduloso-tomentous, glutinaaa, 
rreen. Lana gmall, crowded, tleshy, subulate, recurved, gibbous on 
the outside at the base, glandular aver tbeir whole sur&ce. FUrert 
(li inch long) white, aolltary, on short terminal peduncles, Blightly alu- 
tinous. Cal^ green, Bliehtly irregular, S-toothed, glabrous, wrinkled. 
ttiroMahypogjnous, tubular, tlabrouB within and without; tube clavato- 
cylindrical at the base ; limb short, plicate, afler expansion revolute. 
cylindricul portion of the corolla, 
, ^ > the throat, filaments glabrous; 

anthers short, oblang, yellun', versatile, £zed by the back, lobes burst- 
ing laterally; pollen granules minute. Putil scarcely exceeding the 
longest stamens ; stigma green, ca{iitat«, cleft across the vertex ; style 
filihirm, slightly swollen towards the stigma; germea placed upon a 
S-lobcd, deep orange-coloured disk, green, ovate, slightly compressed, 
bilocular, ovules very numerons, atta^lied to and covering the dissepi- 

This is on exceedingly pretty plant, flowering pro&sely in the green- 
house, bearing forcmg in stove heat, and lasting in beauty a long while. 
It came into blossom in one of the stoves in Mr Cunningham's nnrsetr 
garden at Comelybauk, Edinburgh, in the end of March, and conti- 
nued covered with flowers fur more than three weeks. In the green- 
house of the same extensive establishment, the bloasoms are not yet 
(IBth April) expanded. Mr Cunningham received the plant fnnu 
France, aJid understood that it had been imported from ChUe. 

The flowers of Foiiiinii imbrieata are said to be lilac, and as they are in 
the specimen described pure white, there may be a doubt alxjut the 
■peciftc name ; but I cannot see any distinction between this plant and 
a specimen which I have from Dr Gillies as F. tabrioala, and the de- 
Bcnption applies in every thing but the colour of the flower. I do not 
sec any sufficient specific diatinctioD between oor plant and the speci- 
cimena from Conception distributed by Mr Cuioming with the No. 140, 
though this seems more robust, and to iave leaves proportiousUy 
shorter and more adpressed. 

Heterotropa. 

GsHEnic Chasacteb. — Perianthium ventricosum coloratum triloba- 
tnm, fauce plicata introflexa, introrsum reticalato-venosnm, venis- 
verticolibus prominentibus. Stamina 12 ; 6 exteriora stigmatibns 
opposita, filamentis tiiangularibus adnatis : anthers basifiiiB snb- 
introrsEE ; 6 altema sessilia : antheree evidenter extrorsie. Btyli 6 
concreti, stellatim expansi, singulis obcordatis, parte inferiore stig- 
raatifera. Stigmata ovato-attenoata papillosa. Ovarium 6-locnlare, 
liberum. — Moma et Dtcaane, Ann. be. Nat> 2de serie, — Botauiqne, 
tome ii. p. 3U, t. 10. 

Heterotropa o«a">ide*, Morrta tt J>eeainM, 1. c 
Deschifttoh. — Steis very short St^iiUt Urge, cordato-ovate, concave 

above, keeled below, coloured, ciliated, otherwise subglabrous. Leant 

Etiolate, deeply cordate, blunt, slightly waved and reflected in the edge 
om the blunt auricles to the apex about 4-6 inches long, 3} inches 
Dad),diill green, aud irregularly blotched with lighter coloured spots 
on the upper surface, where also It is slightly pubescent, especially to- 
wards the edges, glabrous, shining, and having purple veins, and occa- 
sionally purple blotches below ; petiole (3} in. long) coloured, glabrous, 
deeply channelled above, rounded below. FUytxr perfumed, somewhat 
like a ripe apple, BCEBilc,as lartte aa a walnut, cartilaginous; tube sphe- 
roid, glabrous on the outside, of dull purple colour, blotched with grey ; 
limb of darker purple, 3-fid, reflected, segmenU targe, rounded, undu- 
late, above transversely wrinkled, hairy, becoming glabrous towards 
the throat, where the wrinkles are drawn u^ into thin edges of brighter 
purple, waved, and the outer ones cTesl«d with white; throat half dosed 



iiizedbv Google 



Dr Graham's List of Bare Piant*. 193 

\>f a transvci'se plate of tlie same Btmctiire, leaving a triui^lar open- 
ing in the oiiddle ; inner surface ribbed, with honey-combed reticula- 
tiona between the riba. iSlanKMl2,filEinentscoloore(l, very ahort, in 
six reduced almost to a lanceolate connective projecting bejond the 
anther, which conaigta of two distinct cells placed on the onUide,ia 
the other six, which alternate with these, the connective is narrower, 
more blunt, and the anther-cells subkteral. Pollen white^ gronalea 
minute, spherical. StyU short, fleshy, deep purple, with nx vertic^ 
plate* or angles opposite to the stamens with suhlatenl cells, and six 
terminal nearly horizontal obcordate lobca of the same colour and tex- 
ture aa the rest of the style, covering the stamens, each lobe attached 
ftloag the middle of its lower surface to the top of one of the vertical 
plates, and each having,asif pondent from its sinus, an erect ovato-acu- 
minate stigma, these alternating with cncullate spaces formed by the 
lower sides of the adjoinine obcordate lobes of the style. Qtrmeti half 
inferior, O-locnlar, the locuUmenta bcin? placed immediately under the 
atigmatic surfaces, the dioepiments under the cucullate spacee. OtiiUt 
10, in two rows in each locnlamcnt, horizontal, plai^entat central. 
This most curious plant was imported into Europe from Japan by M. Von 
Siebold. "We received it ot the Botanic Garden, Edinburgh, from Mr 
Young at Epsom, in 1B38. It flowered in the greenhouse in the end 
uf February 1839, and remuned long expanded. Boon after this it 
flowered more freely under a hand-glass in the open border at the nur- 
sery eround of Mr Cunningham, Comelybanlc, and the last btoasam did 
not decay till after the beginning of June. 

Pimelia dectissata, var. dioBmtefolia. 

F. dtevnala ; involucre tetraphyllo, foliis rameis disiimile, foliolis lata 
ovatis, semicoloratis, utriuque glabris ; capitulo terminale ; perianthii 
tnbo hispido ; foliis oppositia, dccussatis, ovalibus, coriaceis. — Br. 
Var. dioma/olui ; foliolis involucri ovatis, acutis, lanato ciliatia, capitn- 

Inm subcequantibnt ; perianthiis saturate nweis. 
Hmelia diosnuefolia, ifortnl. 

Dekbiptioh of the variety. — Skrub erect. Braneia lax, spreading* 
Jjtaia oblong, coriaceous, opposite, decussating, reflexed, mticrouulat«, 
dark green above, glaucous below. CapUtUum crowded, terminal, ra- 
ther small. Imdueri ot i ovote acute aalicoloured leaves, which are gla- 
brous on both sides, but ciliated on the edges,Bcarce1y shorter than the 
(spilulum. J'trianth bright rose-colonred, hispid on the outside, hairs 
very long in the lower half of the tube, and on the outside of the limb, 
shoi^r and snbappreased on the upper half of the lube. Stnmeiu in- 
serted into the throat of the perianth, scarcely half the length of the 
limb. Sti/U much exBert«d, lateral. ib'Ii^a capitate. OtnuM oblong, 
glabroD«, green. 

This Te^ pretty plant tras received at the Botanic Garden, Edinborgb, 
ft^m Ur Makoy of Liege, under the name of PintUa dioimafolia, but I 
am convinced it is only a variety of P. decustata, distingui^ed by its 
darker rose-coloured flowers, its more ciliated involncrum, and its 
dense, small, more crowded capitula. It very nearly resembles Pim((to 
Jiendenonii, distinguishable chieSy by. its smaller capitulo, and b^ its 
less acute foliage, and, I fear, is a link by which this will also be nnited 
to P. dteuaata, which is Imown to be a variable species. The form 
now described isvery!iandBome,very worthy of cultivation, and readily 
distinguished. It should receive the ordinary treatment and protection 
of tlie other specie* of the genns, and will be fonud to flower Tei7 
abundantly. 

Solantun fngcaas- 

8.fragraHt; orborescens ; foliis geminis, ovatis cordatisve, invqnalibQ% 
integerrimis ; racemis solitariis ax axillis ramornm ; floribus wcnodit. 
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pedicelliB inferioribus mKume elongatia ; cal^ce &-fido ; coroOu lato 
campumlatis, profunde S-partitis, Umbo raflexA ; BtamisibuB genica- 
LbUs, stigmate dilAteto concavo. — Hooker. 
SolMiiiin fragrans, Hoakir, in Bot. Mag. 3684. 
EtBSCKiPTioK. — Whole plant nuanned. Stem orect, shmbfay (12 or 13 
feet high in the specimen described by Hooker, In oura, a cntting from 
Us, flowering freely though less than 3 feet Ueb), glabrous, pubescent. 
Brtaulut spreading, green. Leavet petioUte, alternate and distant be- 
low, Bubopposite above, unequal, and approaching esrch other on one 
side of the branches, coriaceous, ovato-cordatc, shortly acuminate, ob- 
scurely sinuated, and slightly waved, slightly reflexed in the edges, dis- 
tantly denticulate, brigbl Kreen above and glabrous, paler below and 
somewhat roughened ; middle rib strong, vems few, conspicuoos ; pe- 
tiole about half the length of the [tuning Romiiui soUtary.in the axils 
of the branches, pendulous, many-flowered, ebracteate ; pedicels single- 
flowered, articulated near the base, becoming elongated and rcfiesed, 
secund. Calyi 6-cleft, jeUowish-grcen, as well as tlie peduncles and 
pedicels the petioles and young shoots slightly glanduloso-pubeecent, 
eegmenta entire. CaroUa coriaceous, deciduous, campaoulate, &-cleft,ai 
last partedtothcapexofthecalyx segments and spreading wide, glabrous 
and shining, at first purple, brighter and more lilac within, becoming 
much paler, rather more red, and nt Isat yellowish, segments acute, a£ 
temate with those of the calyx, valvate, reflected. Slaimen 6, alternate 
-with the segmeuts of the corolla, inserted into its base, and shorter than 
it; filaments stout, sliort, spreading; anthers connivent at the apex, 
purple, ovate, opening by two pores under the stigma, where they are in 
contact with the top of the style; connective IarBe,reIlow, Kibf)oufl on 
the outside at the base of the anther; pollen white, granules small, 
round. PMl glabrous, green, rather longer than tho stamens, about 
half the length of the corolla ; stigma daric green, dilated, forming a 
shallow oval fleshy cup, with two large BweUings within ; style stout 
and clavate ; germen oval, as well as tbe style yellowish-green, bilocu- 



ir ; placentte entire, largo and 2-fid, covered with numerous ovula. 
This plant was propagated from a cutting of the Glasgow plant, and 
flowered freely in June 1839 in a pot kept in stove heat. I did not at 
any time perceive the perfume mentioned by Sir William Hooker, and 
from which he has derived the specific name. It is therefore, as in 
many other examples of vegetable perfumes, perceptible only at parti- 
cular hours, or in particular states of the weather. 

Thysanotua prolifenis. 



longiore(e 
—GndL 

ThysanotUB proliferus, Lwdl. in Bot. Rag. 8. ann. 1838. 
Descbiftiom. — Root fibrous. StMt erect, compressed, glabrous, green, 
branched, leafless, exce^itiof at the bi^e, or at its subdivision when 
this is low, where occasionally a single short leaf or greatW enlarged 
bmctea is produced. L»atet linear, nnmeroos at the base of the stem. 



dark green or snbglaucous, glabrous, channelled, equal to the stem, bnt, 
from decaying at the apex in the specimen described appearing shorter. 
UmbtU many-flowered, one or two upon each stem, approximated o 



ic the lateral one sessile, in the ktter supported 
upon a stalk more or less elongated, at the origin of which there ore 
generally two flowers. Bractta ovato-subulate, herbaceous, with sea- 
riose edges. Pediadt articulated above the base, each springing from 
Uie axil of a bractea, tho lower joint being longer than this in all the 
flowers excepting a few on the outsido ; upper joint longer than tbe 
lower, and more glaocoDS. S^x^ ovato-obloug, spreadiog wide, mn- 
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cronat^ on tho outside glaucoim, vitbiD purple, edges scarioee. (3>- 
wDa (11 inch across) very handsome, of bnght lilac colour; petals ob- 
loiw, in the centre having an opaqae linear stripe, which is glaaeons 
BodS-ribbed axtemally, internally of deep lilac.Bidesof clearand pal«r 
lilac, and edges with long silky fringes of the same colour. rStamflM 3, 
bent to one side of the flower ; fihtment* short and coloiu-lesB ; anthers 
more than twice as long aa the Glaments, onrved, having two sliehtlj 
divaricated yellow lobes at the baae, above of a deep purple colour ; 
pollen white, grannlee verr minnte. Pittil rather longer than the sta- 
mens, curved m the opposite direction from them ; stigma minnte, ter- 
minal ; style subulate, grooved on tht«e sides ; germen ovate, grooved ; 
ovnlea 2 in each loculament. 
This ver; beautiful species flowered at the garden of the Caledoniaa 
Horticultural Society in May 1839, a plant havine been obtained from 
HeesTB Vmtch and Son, nnrserymen, Exeter, in the antumn previoua. 



_. p . ■e of peat and leaf-mould, and been li^t ii 

stove heat, having been fonnd elsewhere too tender for the greenhouse. 
lla long succession of flowers will no doubt be develo^d during the 
whole nnnmer, each flower expanding betwixt 8 and 9 m the momii^ 
and in clear weather cloiiDg permanently about 8 r. m. 
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1839, January Sl.^I^rd Gbbinock Vice-President, in the 
Chair. The following communications were read '— 

1, On the Colour of Steam under certain circuiOBtances. By 
Professor Forbes. 

The aathor accidentally remarked, tbat the colour of the Snn 
seen throng vapour JMuing^ from the fafety-rAlve of a locotnotive 
engine ia deep red, exactly aimilar to that whiohacoluma of smoke 
or a smoked gloM gives to it. 

He next noticed that this ooloriGo character of steam extended 
bnt a short way beyond the orifice, and tbat it gradually became 
mere opake, and perfectly white like noon-day douds, both for 
transmitted and reflected light. At moderate thicknesses, in this 
state, its opacity is complete. 

These observations were folly confirmed by direct eneiiments 
on high-pressure steam, made at Glasgow in December last. At 
the moment of issuing &om Ae steam-eock, it is perfectlT trans- 
parent and colourless ; at some distance frcmi the orifice it becomea 
transpareot and orange-red; bat, still fartho- ofi', it is white, and 
merely truisiuoent. These pn^>erties were traced in steam Irom 
a pressure above that of the atmosphere of 55 lb., down to an ex- 
cess of only three or four; and as in all cases the redness of the 
transmitted light was more or less distinctly seen, fand an excess 
of 10 or 15 lb. does as well aa any higher pressure), It was con- 
cluded that the effect «f partial condensation in producing the phe- 
nomenon, would be reodeisd visible in great thicknesses of rapoiir 
of tbe lowest tension. 

The great analogy of tbe colour of steam to that which the 
doads assome at innset, or distant lights in certain conditiou «rf 
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the atmosphere, lead the sulhor to Buggest this ginguUr property 
of condetising vapour oii the probable cause of those phenomena, of 
which no satisfactory explanMlon coald be giren whiUt thi* fart 
remained nnknotrn. The prognostics of weather derived from the 
colours of the sky also receive elucidation from the fact. 

Judging from the Kimilarity of colour of steam and that of nitrons 
acid gas, and the remarkable power of absorbing certain definite 
rays of the spectrum discovered in that gas by Kr David Brewster, 
Ibe author tbnnght it probable that similnr lines might be discover- 
ed in the spectrum formed by light transmitted through steam, 
and that these might be found to coincide with the atmo^Aerie 
Una of the spectrum noticed by the seme philosopher. The ex- 
periment was made with great caret but the expected result has 
not been hitherto obtained. The general action of steam on the 
spectrum is to absorb the violet, blue, and yellow rays, finally 
leaving only the red and orange, with an imperfect green. 

Since a portion of watery vapour in a confined space, originally 
transparent and colourless, may become, by mere change of tem- 
perature, first deep orange-red and transparent, and finally white 
and aemlopake, the author notices another analogy with the singu- 
lar effect of temperature in deepening the colour of nitrous add 
gas, and thinks that these facts may one day throw some farther 
fight on the difficult subject of the mechanical conatitutioa of va- 
pours, and particularly of donds. 

2. On the meaning of the Homeric terms tt(us, dixii, ri/t^, «wni, 
with their more important compounds and derivatives. 
By the Venerable Archdeacon Williams. 

February 4. — Dr Abkbcbohbib, V. P., in the Chair. The 
following communication was read : — 

The Colours of the Atmosphere considered with reference 
to a paper *' On the Colour of Steam under certain cir- 
cumstances," read at the last meeting of the Royal Society. 
By Professor Forbes. 

The object of this paper was to develope an application of the 
tket communicated by the author on the 2Ist January. It was 
then remarked, that the discovery that steam in a certain stage of 
condensation is deeply red-coloured for transmitted light, seemed 
to offer a probable solution of a difficulty which has never yet been 
lairly met, namely, the red oolonr of clouds at sunset, and the red- 
ness of light transmitted through certain kinds of fogs. 

A pretty full history of theories proposed to account for the co- 
lours of the atmosphere was first given ; it was obtained in almost 
every case from an examination of the original authorities. These 
theories were reduced under three general bends, exclusively of 
that of Gothe, and of most writers before Newton, that the blue 
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eoloDr of the ifc^ resulta from a mixture of ligbt and shade ; and 
tbftt of Moncke, that that colour is merely gv^tjectiee, or arises from 
. an ocular deception. Tlie remaining; theories are : 

(1.) That the c<dour of the sky is that transmitted by pore air, 
and that all tbe tints it displays are modifications of the reflected 
and transmitted colours. This is more or less completely tbe opi- 
nion of Mariotte, Buugner, Euler, Leslie, and Brandes. 

(2.) That tbe colours of tbe sky are explicable by floating va- 
poora acting aa thin plnles do, in reflecting and transmitting com-* 
plementary colours. This is the theory of Newton and most of 
his immediate followers, and more lately of Nobili. 

(S.J On the principle of opalescence and of specific absorption, 
depending on the nature and unknown constitution of floating par- 
ticles. This head is intended to embrace the various opinions of 
Alelrtll, Celaval, Count Maistre, and Sir D. Brewster. 

To the last named philosopher, however, the merit is due of 
Imring conspicuously turned attention to the important, com- 
plex, and hitherto unexplained phenomena of absorption, which 
lie has proved to be totally inconsistent with Newton's theory of 
the colours of Nature, (considered as those of thin plates) ; and he 
has farther demonstrated the inapplicability of it in the case of the 
ooloors of the atmosphere, by shewing that their constitntion ii 
wholly distinct from that which any modification of Newton's theorjr 
wonid assign, by a series of experiments of wbich as yet the re- 
sult* only are annonnced. 

Since, then, the constitution of tbe atmospheric colonre analyied 
by the prism resembles that produced by absorption, the question 
i", To what medinm are we lo refer that absorptive action ? Evi- 
(tently not to pnre air, since a distant light is red in a fog, and in 
clear weather white, or nearly so. The author is disposed to at- 
tribute the effect to tbe presence of vapour in the very act of cou- 
(tensation. This intermediate or colorific ttage occurs between 
ilie colourless and transparent form of steam wholly nncondensed, 
and that which may be termed the state of proximate condensation 
in wbich it is seen to issue from the spout of a tea-kettle, when it 
is likewise colourless, but semiopatce. During the transition, it 
ivas shewn in the former paper that steam becomes intensely red, 
:iiid remains transparent. The absorptive action resembles then, 
so far, that of the atmosphere observed under certain meteorologi- 
cal conditions ; the dark lines and bands noticed by Sir David 
[trewster in the atmospheric spectra have not been discovered, and 
SI far the analogy is as yet imperfect.* 

In applying this theory to the colours of sunset in particular, the 
Huthor quotes many acknowledged facts to prove that the rednesa 

• Some plausible reasons are assigned why these bands should not have 
appeared ia the experiment as it was made, when steam in every stage of 
cuudensatioD must necessarily hare been present ; nor does it seem easy to 
devise a form of experiment free from this objection. A very important 
oliMTvation would tw to examine the spectrum produced by a distant arti- 
fidal light wen through a red fog. 
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of the tkj IB deTeloped precisely in proportion to the probsble 
existence of vaponr m di&t critical stage of condensation whicfc 
should render it colorific. And he apptiea the same reasoning to 
Bccoant for the prognostics of weather, drawn frmn the redness of 
the erening and morning skf. 

February 18. — Dr Abebcboubie, Vice-Preddeot, in the 
Chair. The following communicatioDs were read : — 

1. Notice of some observations made during the Storm of Ja- 
nuary 1839. By John Scott Russell, Esq. 

S. On Fresnel's Law for the Intensity of Reflected and Re- 
fracted Light. By Professor Kelland. 

March i. — Dr Hope, Vice-President, in the Chair. The 
foUowiog communications were read : — 

1. On a new Galvanic Battery, and an improved Voltameter. 
By Martyn Roberta, Esq. Communicated by Sir John 
Robison. 

S. Notice upon the Alcoholic Strength of Wines. By Dr 
Christison. 

VarioDS accounts have been given of the alcoholic strength of 
wines by Mr Brnnde, Julia-Fontenelle, and others. The author 
has been engaged for some time in experiments for determining 
the proportion of alcohol contained in various winet of commerce, 
and also the circumstances which occaaiun a variety in this respect. 
The present paper is an interim notice of the results. 

The method of analysis consisted in the mode by distJUstien, 
whicb was applied with such contrivances for accuracy that nearly 
the whole spirit and water were dixtilled over without a trace of 
empyreuma, and without the loss of more than between 2 and 6 
grains in 2000. From the quantify and density of the spirit, the 
weight of absolute alcobol of the density 793.9, as weU as the vduMe 
of proof spirit of the density 920, was calculated from the tables of 
Richter founded on those of Gilpin. 

The author has been led to the general conclusion that the al- 
coholic strength of many wines has been overrated by some expe- 
rimentalists, and gives the following table as the result of the in> 
vestigstions he has hitherto condacted. The first column gives the 
per-centage of absolute alcohol by weight in the wine, the second 
the per-centage of proof spirit by volume. 

AJcp^ P.3p,|bc. 

bj wel^t. bj Tolume. 

Port— WaBkest, .... 14.97 30.56 

Mean of 7 wines, .... 16.30 S3.9I 

Strongest, .... 17.10 37.27 
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Ale p. c P-Bp.p. «- 

bjw«lgtat. b/TOlnm*. 

White Port, liSf} 31J1 

Sherry— Weakest, 13.98 30^ 

Mean of 13 wisea, exclnding those very long 

kepi in caak, 15^7 33.59 

Sherry— 8tron«Bt, 16.1? 36.19 

UcAU of 9 wine* vary long kept in CB«k in the 

East Indies, 14.72 33.30 

Hadre da Xeres, 16.90 37.06 

u.j<it_ J all 'ong ™ «wk f Strongest . . , 14,09 30.80 

"***'*'^ tin East Indies (Weakest . laoo 3ft81 

Teneriffe, long in cask at Calentta, .... 13.84 30,31 

Cereial, ie.4S 33.06 

DryLuhou, l&U 34.71 

Shiraz, 12.9S 38.30 

Amontillado, 12.63 37.60 

Ctaret,* first growth of 1811, 773 16.96 

Chateaa-Latoar, first growth 1S>6, , . . . 7.78 17,06 

Rosas, second growth 1836, 7,61 16.74 

Ordinary Claret, a saperior " vin ordinaire" . , 8,99 18.96 

Hives AltoB, 9,31 2335 

Malmeej;, 13.86 28.37 

Rndeehelmer, superior quality, , . , , 8,40 18.44 



Itnileeheimer, superior quality, 
Radesheimer, inferior quality. 



Hambaoher, superior quality, 7,36 16.16 

OUes' Edinburgh Ale, before bottling, , 5.70 13,00 

The same Ale, two yean in bottle, , . . CJW 13,40 

Superior London Porter, four months bottled, . 6.36 lUI 

Id addition to eertain obrlons general GODcImians which may bo 
drawn from this table, the author stated, as the result of his expe- 
rimente, that the alcoholic strength of rarious samples of the same 
kind b«ara no relation whatever to their commwoial value, and is 
often very different from what would be indieated by the taato 
eren of an ezperieneed wine-taiter. 

Some obserTatlons were next made on tbe effsct produced on 
the alcoholic strength of wines by certain modes of keeping- (tr 
ripening them, mure espocially by Uie method employed in the case 
of sherry, madeira, and snob other wimw, which consists of slow 
erapomtion for a series of years through the cask, above all, in hot 
climates. The researches made by the author on this head are not 
yet complete : but be is inclined to infer, from the experiments al- 
ready made, that, for a moderate term of years, the proportion of 
alcohol increases in the wine, but afterwards, on the contrary, di- 
minishes; and that the period when the wine begins to lose in al- 
coholic strength is probably that at which it ceases to improve in 
flavour. The increase which takes place at first in tbe Blcobol of 
wine undergoing evaporation through the cask, appeared at first 
view parallel to the fact generally admitted on the authority of 
Soemering, that spirit becomes stronger when oonfined in bladder, 
or in a vessel covered with bladder, in consequence of the water 
passing out by elective exosmose. 

The author, however, on repeating the experiments of Soeme- 
ring, as related by various writers (for he coidd not obtun access 
to the origiital account of them), was unable, by any variatrao of 
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the procMs ba^could deviie, to obtain the remits indicated by Ae 
German anatomist. Constantly the spirit, whatsoever its streo|;th, 
whether proof spirit or rectified spirit, became weaker. It wu ob- 
served at the game time, that, if the bladder containing ^rit was 
enclosed in a confined space with quicklime, the spirit slowly be- 
came absolute alcohol of the density 796, in consequence of « per- 
manent atmosphere of alcohol being speedily formed, while the 
watery atmostthere was absorbed by the qaiddime as fast as it was 
produced. Subsequently it was proved that the bladder was not 
essential to the process ; for an open cup of rectified spirit, inclosed 
in a confined space with quicklime, to absorb the water which arose 
from the spirit, became in two months absolute alcohol of the den- 
sity 796. Professor Graham of London some time ago proved tbe 
analogous fact) that spirit might be thus rendered pure alcohol in 
the air-pump vacuum. A vacuum, however, is, upon principle, as 
well as in fact, not necessary for the process ; it merely accelerates 
it. The new method is obviously applic^le on the great scale for 
obtaining absolute alcohol, wherever time may be allowed. 



March 18. — Dr ABERcaoMstE, Vice-President, in the Cbdr. 
The foUowiag ccHnmunicatioDB were read : — 

1. Notice respecting the Drying-up of the Rivers Teviot, 
Clyde, and Nith, and their tributaries, on the S7th No- 
vember 1838. By David Milne, Esq. 

The phenomenon was in the first instance described, and certun 
views were afterwards offered explanatory of it. 

It appears that, betwixt 10 p.m. on the 2Btfa November, and 
6 A. M. on the 27tb November, the chann^ of the Teviot, Clyde, and 
Nith, became nearly dry for a great part of their course, so that 
scarcely any current flowed in them. AH the mills on the Clyde, as 
far down as several miles bolow New Iiaoark, were stopped'from 
want of water. The Nith was nearly dry as far down as E}nter- 
kinefoot ; and the mills on it, and on its tributaries, wore stopped. 
Thb was the case also on the Teviot. The phenomenon was most 
strikingly manifested in the h'lghw parts of the rivers, near their 
sources. The small streams from which they derive their supplies, 
were in general completely dried up. The rivers, in the lower 
parts of their course, were not entirely deprived of their current ; 
nor were the rivulets, which there supplied them, nearly so much 
afiected as the rivulets in more elevated districts. 

The desiccation continued all the morning, forenoon, and part of 
the afternoon of the 27th November. When the current was re- 
stored, it returned not with a sadden rosh, hot gradually ; nor when 
the cnrrent was restored, did the waters rise much above their or- 
dinary level. 

Witii referenoe to the cause of the phenomenon, it was stated, 
that various explanations had been su^eited. Some persons had 
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attributed it to the At^fttotncf obstructing' the Sowing of the current; 
Others, to the^tMt in forming barriers of ice ou the caulds or dom- 
beada ; others, again, had suggested that the phenomenon might be 
connected with an earthquake. In support of this last theory, it 
was mentioned, that Professor Phillips had, in a recent work on 
geology, attributed to this cause the dr;ing-up of the £nglish rivers 
Trent and Medway, in the 12th century. 

Mr Milne stated that bo adopted none of these views, and that 
he thought the phenomenon might be accounted for by tb^ united 
action of the frost and wind which prevailed during the nij^ht of 
the 26tb November. After four o'clock that afternoon, the thermo- 
meter nil over the south of Scotland sunk to 26°, at which point 
it remained for several hours. Accompanying this frost, there 
was a gale of wind from the east, which had the effect of very 
rapidly redudng the temperature of exposed and unsheltered spots. 
In this way, the small and shallow streams flowing in open drains 
and rivulets, or oozing throagh mosses and marshes in the hills, 
were soon froien and arrested. But, on the other hand, larger 
bodies of water flowing rapidly in the main channels, at a lower 
level, and sheltered by high or wooded banks, could not in the same 
^ace of lime lose enoueh of their temperature to he froien. The 
waters thus ran of^ without the usual renewal of supplies from tlie 
■oarces, so that the channel or bed of (he river became speedily 
drained. 

The reason of this phenomenon not happening more frequently 
appears to be, that there is very seldom a gale of wind in this coun- 
try accompanied by a severe frost ; and even on this occasion, the 
froat was not equally intense over the whole island. When a se- 
vere frost sets in, there is usually hut little wind, so that the water 
in the vjJper parts of the river, is not liable to be cooled more ra- 
pidly than in the lower and more sheltered parts of its course. 
Though the sources will, in that case, to a certain degree, be frosen, 
and so, part of the usual supply cut ofi^, the main body of the stream 
is frosen likewise, whereby the velocity of its current is diminish- 
ed, by the obstruction of the ice at the bottom and at the suriiice 
of the current. So that if only lialf the usual supply is furnished 
to the river from its partially frozen sources, there will be no di- 
minution in the quantity of water flowing in the main bed of the 
river, if it flows off with half its usual rapidity. This is the ordi- 
nary way in which frost acts an the rivers, in this country. But 
when, ai on tbe night of the 26th November, the frost is accom- 
panied with a strong and keen wind, which lasts for only a few 
hours, it freezes the water in the small rirnlets near the sources of 
the rivers in high and exposed situations, whilst it has not time to 
freese even the surface of the deeper and more rapid currents flow- 
ing in tbe lower parts of the rivers. 

The easterly gale which, by its low temperature, produced this 
pheoomenon, continued to blow until about 7 or 8 a. h. on the 
mtwning of the 27th November. The temperature of the at- 
mosphere then underwent a sudden change, as indicated both by 
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the barometer and the thermoiDeter. Thia change was braoglu 
itboDt b]rtbe adreot of two storms, which came from Boathern lati' 
tudes, and one or perhaps both of which had, on the morning of the 
&7th, begun to affect the upper regions of the atmosphere) and load 
them with warm Yapoor. 

2. Memorandum on the Intensity of Reflected Light and 
Heat. By PiofesstM- Forbes. 

April 1. — Dr Hope, Vice-President, in the Chair. The fol- 
lowing communications were read : — 

1. On the 'I'heory of the Motion of Waves. By Professor 

Eelland. 

2. On a New Method of shewing the Unequal Expansion of 

Crystals. By Professor Forbes. 

April \5. — Lord Gkebmock in the Chair. The following 
communications were read : — 

1 . Notice respecting the relative Voltaic agency of Circuits of 

Copper and Zinc, and Zinc and Iron. By Martyn Ro- 
berts, Esq. Communicated by the Secretary. 

2. Investigation of analogous properties of Co-ordinates of 
Elliptic and Hyperbolic Sectors. By W. Wallace, 
LL.D., Emeritus Professor of Mathematics, University 
of Edinburgh. 

3 On the Newer Tertiary or Pliocene Deposites of Scotland. 
By James Smith, Esq, of Jordanhill. 

4^ On certain circumstances aifecting the Colour of Blood 
during Coagulation. By Dr P. K. Newbi^ng. Com- 
municated by Pn^essor Forbes. 

The author described in this paper certain anomaloue appearanoes 

firesented by venous blood when left in contact with coloored porce- 
ain. When blood drawn from a vein is either allowed to coagu> 
late in a porcelain cap, or after coagulation is left in it for some hours, 
the dark purple tint characteristic of venous blood is found to be 
altered to the bright arterial hue, wherever it wa« in contact with 
any elevated device of the green colour, which is communicated by 
means of protoxide of chrome. In one instance the same effisct was 
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prodneed by i device of a crimson tintj but id more than iixty 
trials with this and erery other Toiiety of colour used in ornament- 
itig porcelain, the author could observe no such effect as wiw in- 
variably produced by patterns of a green tint. The effect was 
scarcely apparent, if the pattfirn was not somewhat elevated. Mere 
elevation of the porcelun, however, is not the cause of the change 
of colour. Adfaenon of a little oxygen of the air to the sorfaoe of 
Ae pattern is not its cause ; for no change is produced by the green 
devices of porcelain on a gelatinous mass of gelatin and protoxide 
of iron, which is quickly rendered brick-red wherever it is put in 
contact with oxygen. Neither is the change owing to any peculiar 
arrangement of the molecules of the blood, because it ii produced 
equally on coagulated blood and upon that which is allowed to coa- 
gulate in the cup. The author is compelled, therefore, simply to 
record the fact, that objects on porcelun of a green ooloor produce 
their impression, and this with extreme accuracy, on venous blood 
left IB contact with them, and that the change of colonr which takes 
place seems identical with the florid hoe occasioned by arterialiaa- 
laoa of the blood from ordinary causes. 

5. On two Storms which passed over the British Islands in 
the end of November 1838. By David Milne, Esq. Ad- 
vocate. 

It was stated, that the firat indication of the advent of these two 
storms to the British iidandM was given by the barometer. On the 
S5th and 26th November, the barometer in all parts of the United 
Kingdom began to sink ; and it is important to observe, that, not 
only when this sinking began, but likewise for nearly two days 
after, the wind was blowing E. or NEL, and was accompanied by 
a severe frosty circumstances which of themselves cause the mer- 
curial column to rise. 

The exact hours on the 25th and 26th November at which, in 
different place", the barometer began to sink were noticed, from 
which it appeared that the sinking took place in the south part of 
the United Kingdom about five or six a. m. on the 2dth, and in the 
north of Scotland about two or three in the morning of the S6th. 

I. Now, as the first storm did not reach Englnnd, or, in other 
words, that part of tbe surface of the globe, till about noon on the 
26th, and the north part of Scotland till llie night of the 27th or 
morning of the 28th, it is obvious that the upper regions of the 
atmosphere were, in the British islands, affected before the lower 
regions by a period of about thirty bours> It follows, that the 
t^iper part of the storm preceded the hwer part, in its progress over 
the Burlaue of the globe. 

This first storm commenced at Cork on the 26th, at 1 1 a. m. ; 
at Cornwall, about noon ; at Dublin, about 3^ p. m.; at the Isle of 
Man, early in the morning of the 27th ; at Lismore, on the night 
of the 27th ; and Cape Wrath, not till the 28th November. 

The wind at all these places, on the commencement of the stmn, 
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blew from SK. or SSE. ; it afterwardi reered to 8 W., and on the 
ceHation of the itorm it was blowing from NW. Tbe reering to 
SW. took place in Cornwall during the forenoon of the 27th ; it 
took place in Dublin in the eoaung Qf that day. 

Heavy gu«tg came from a point due west, or rather to tbe noith 
of west, shortly before the cessation of ihe storm. These were 
felt in Cornwall in tbe afiemoon of the 21th ; they did not com- 
mence at Pladda (off the coast of Ayrshire) till the mght of tbe 
28M November. 

From these and other similar data, it was concluded, that the 
storm moved progressively in a N.NE. direction, at the rate of 
ten or eleven miles an hour. 

The progress of this storm from sonlfaern latitudes was next de- 
scribed, by reference to various places both on sea and land, as far 
south as Gibraltar, at all of wiiich it had been severely felt. On 
tbe S2d and 23d, a storm from the S. was experienced at the 
mouth of the Garonne. Off the N W. coast uf Portugal, three ves- 
sels wcere dismasted by a burriuaue on the i!2d ; at Gibraltar, there 
was a storm on the 21st November. It was most probably one 
and the same storm which passed over all these places, beginning 
at Gibraltar on the Slst, and reaching the British islands on the 
26th November j — seeing it would arrive there at the very time 
(bnt the first storm begun in England, and had the same direction 
and rate of movement. 

Some circumstances were stated, shewing that this storm had 
probably « rotatory ns well as a progressive motion. These were, 
( I.) tbe great velocity of the wind in the storm, compared with the 
actual motion of the storm ; (2.) the veering of the wind in the 
^to^m from SE. to N n^. ; (3,) the greater violence of the gusts 
fram Si and SW., — tbe progressive and rotatory motions then 
coincided. 

II. The second storm begun on the SW. coast of Ireland abont 
"> A. M. on the 28th ; at Cork, abont 9 or 4 a. m. ; Cornwall, about 
5 A. M. ; Plymouth, about 9 a. u. ; and Fiiirnborough (near Bng< 
!ihot), about IOa. St. 

At all these places there was, during the previous night, a calm, 
or light nirs from the westward. 

This storm reached Dublin abqpt 1 p. m. on the 28th ; Glasgow, 
nhout 3 P. M 1 and Kirkaldy, between 4 and 6 p. m. It travelled 
iinrtbwnrd, tjierefore, at the rate of about twenty miles an buur. 

This inference was corroborated by the periods at which, in dif- 
fi-rent places, the wind in the storm veered from SE. to S W. This 
vi-ering, which look place in Cornwall about noon on 2&A, did not 
t^ike place at Kirkaldy till the afiemoon uf the 29;/!. 

A separate and still more striking confirmation is afforded by 
I lie period when the barometer reached its lowest point at different 
phices. Its greatest depression in the Bristol Channel occurred at 
i^'iononthe 28th; in Edinburgh and Glasgow, at 12 h. 16 m. on tbe 
^")th ; in Kinfanns Castle (Perthshire), at 8^ p. H. on the 29th. 

That this storm had, like the previous one, a progressive motion 
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to N.NB^ there cnn be no doabt; and from iu moviDjr in nearly 
the •ame track, bat travelling with twice the rapidity, it overtook 
the fint gtorm about tbe middle of Scotland ; in conaeqnence of 
which, tbe indicationa of two separate atorma became indistinct in 
dieee northern parts. 

There were many circumstances shewing tbat this second storm 
bad a rotatory as well as a progressive motion, and that the centre 
of the stormy circle travelled along a path considerably to the west 
of the British islands. (1.) One of these was the greater magni- 
tude of the angle made by the wind in veering, aod the greater 
rapidity with which the veering was effected, in places sitnated 
to the west, than in places situated to the east. At Limerick, tbe 
wind veered I5B° in 28^ honrs ; at Penzance, 112° in 24 hours; 
at Greenwich, 79° in 24 hoars ; at Kinfauns, 90° in 24 honrs. (2.) 
When the storm ceased, the wind was blowing more from the 
north in places situated to tbe west. On the west coast of Ireland, 
it waa blowing W. or W.NW. ; in the south-west of Scotland, and 
at Holyhead, it was blowing W.SW. or 6W. (S.) 'Hie bsrome- 
ter waa lowest towards the west ; and by classing together thuse 
places where the depression was the same, it appeared that these 
places lay in line* or zones running in a N.NE. direcdon, in each 
of which the barometer stood at a lower level in proportion as its 
situation waa toward the west. In liondon and Greenwich, tbe 
barometer stood at its greatest depression at 28.70 ; at Lime- 
rick, it stood at its greatest depression at 27.49, both obserTa- 
tions being reduced for height. (4.) It was found that a storm 
had traversed the eastern part of the Atlantic, moving in a N.NE. 
direction, having bew felt at tbe Garonne on the 27th, 28tb, and 
S9th ; at Oporlo, from tbe 24th to the 27th ; at Lisbon, on tbe 
night of the 23d. It appeared that several vessels in the middle 
of the Atlantic bad, oa the 28tb, been dismasted by a NW. gnle, 
whilst the Great Western steomer, some degrees to the NW. of 
these ships, tboogh on tbat day and the next she experienced no 
gale, encountered a heavy swell from the N.N£L 

It appeared from these, and some other data which were de- 
tailed, that this storm moved N.NE. over the Atlantic, at the rate 
of about twenty milea an bonr ; that it had also a rotatory motion, 
and that the centre of the circle passed very conaiderably to tbe 
west of the British islands, so that it was only a segment of the 
storm which swept over these islands. 

It was mentioned that, before the most fiirious part of the gale 
reached England, and before the barometer reached its greatest 
depression, a storm-ware had entered the Irish and Bristol Chan- 
nels, and caused, in most of the harbours there, on the night of the 
S8th November, an unaiually high tide. 
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Subfectt propoted for Honorary/ Pretniumt by the Wemerian 
Natural History Society. 

EDiN>trKaa,20tt A^rl 1B39. 
The Wemerian Natural History Society offer the following 
Honorary Preniiams ; open unconditionally to all scientific 
naturalists. It is understood that the successful essays, and 
such drawings and specimens as accompany tliem, become 
the property of the Society ; Further, that in the event of 
the Sodety not publbhing the essays, the authors may be al- 
lowed to publish them on their own acoount. 

HTDROORAPHY. 

1. Ten Sovbrbions, or a auitoUe piece of plate of that value, 
for alt ^proved Eaaay on the Temperature, Magnitude, Chemical 
Composition, and (leological relations of the Springt of Scotland. 
This Eeeay must be founded o& the actual observations and expe- 
riments of the Author. — Hme, February 1844, 

2. Tbn Sovbbbignb> or a piece of plate of that value, for an ap- 
proved Essay on the Temperature, Colour, Chemical Compoattion, 
Mechanical admixture. Magnitude, Velocity, and Alluvial formations 
of any one of the following Ritiers in Scotland, viz. the Tveed, Tay, 
Dee in Aberdeenshire, or Spey..— Time, February 1841. 

GBOLOOV 

3. Ten Sdvbreions, or a piece of plate of that value, Ibr an ap- 
proved Essay on the Erratic Blocks or Boulders of Scotland and 
its Islands. 

jV. B. The Author will be expected to treat of the Mineralogi- 
cal and Palseonlological Characters, the Physical and Geographi- 
cal EKstribution of these Boulders, and, from the data thus afibrded, 
endeavour to account for their origin and distribution. A Map or 
Maps illustrative of their distribution will also be required. — Time, 
February 1841. 

4. Ten Sovbrbions, or a piece of plate of that value, for an ap- 
proved Experimental and Practical Essay on the Mineralogicat 
Constitution, and Chemical Composition of the Trap-Rocks of 
Scotland. A collection of specimens required. — Time, February 
1842. 

5. Ten SovBRBiGHS, or apiece of plate of that value, for an ap- 
proved Experimental Essay on the Chemical Composition of Al- 
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tered or Hetamorphic Roclcs met with in Gianite, Porphyry, Ser- 
pentine, and Trap districts. 

N.B. It IB expected that the Author will, where aecesaary, eza- 
mine chemically the Unaltered Rocks aaaociated with the Altered. 
Collection of Specimens required.— Time, Febmary 1842. 

6. TsN SovREBioMi) or a piece of plate of that value, for an ap- 
proved Eeaay on the Fowil Organic Remains found in the Iranaition- 
rocks and the carboniferous aystems of Scotland. The new or un- 
figured Species to be accompanied by Drawings. Collection of Spe- 
cimens required. — Time, Febmary IB44. 

7. Ten Sotbreioms, or a piece of plate of that value, ibr an ap- 
proved Essay on the RaiKd Sea-Beaches met with in Scotland and 
its islands. Specimens of the Sheila, &c. required. 

N.B. Mr Smith's paper, in the 8th Volume of the Society's Me- 
moirs, recommended to the notice of those who may take up the sub- 
ject—Time, February 1844. 

ZOOLOGY. 

8. Ten Sotbkbions, or a piece of plate of that value, for an ap- 
proved Essay on the Entomott^ of the Three Lothians, and the 
River District of the Forth, with a Collection of Specimena. — Time, 
February 1S44. 

9- Teif SovBBKioNS, or a piece of plate of that value, for an ap- 
proved Series of Drawiugs and DescripUons of the Microscopic Ani- 
mals inhabiting the waters of any of the following arms of the sea 
and lakes, viz. Firth of Forth, Firth of Clyde or Loch Fyne ; or of 
Loch Lomond or Loch Tay..— Time, February 1640. 

10. Tkm SovBBBieNB, or a piece of plate of that value, Ibr an ap- 
proved Essay on the Natural History and Comparative Anatomy of 
the Land and Water Molloscous Animals of the Firth of Forth dis- 
trict ; Drawings, and, if possible, Ihvparatioas to be given in. — 
Tune, February IS4I. 

11. Tim Sovbbeions, or apiece of plate of that value, for an ap- 
proved Essay on the Anatomy and Physiology of the Respiratory 
and Digestive Organs of Birds, founded op actual observation, with 
a special reference to the habits and manoers, and the natural ar- 
rangement of Families and Genera. Series of characteristic Speci- 
mena required. — Time, February 1843. 

BOTAMT. 

12. Tbn Sovbbbions, or a piece of plate of that value, for an ap- 
pfored Essay on the Botany of &e MouDbdns of Scotland, in con- 
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nection with their Geological Stnicture and Composition ; with 
Specimens, and a Map of the DiBtribution of the Plants. In this 
Essay, the range of elevation and the northern and sonthern limits 
of the different species should be attended to, and any facts tending 
to illustrate the geographical distribution of plants carefully recorded. 
It would also add greatly to the interest of the communication, if it 
were accompanied with a coloured Geognostical Map of the mouo- 
tainoos districts examined. — Time, February 1844. 



SCIENTIFIC INTELLIGENCE. 

HSTEOHOLOGI. 

1. Babinet upon the &ae Sun. — Upon the occasion of Mr 
Porbes'8 communication concerning the sun seen red acrosa 
steam, allow me to inform the Academy, that, in studying the 
phenomena of meteorological optics, I have not neglected those 
colours which the sun and moon occa^oually assume, of an ex- 
ceedingly dull tint, and without any surrounding rings. The 
phenomenon of a red sun may be attributed to a defect in the 
transparency of the atmosphere arisii^ from v^wurs, or to 
any other cause ; for the fundamental interval of interferences 
being much greater for the red than for the blue and violet, 
these latter are first extinguished, and the obstacles to their 
transmission are comparatively much greater than to the trans- 
mission of the red, as is the case with the reflection from a glass 
that has been merely smoothed, which always begins with the 
red. Upon this I may remark, that it is very doubtful if the red- 
dish-brown tinge of smoked rock-crystal is owing to a true colour 
and not to the exclusion of the lower colours of the spectrum 
induced by the imperfect transparency of the foreign matter. 
Another phenomenon, which is much more rare and curious 
than the red sun, is the Mue tun, when this luminary is seen 
of a fine blue tint, though somewhat mixed with white. Our 
scientific repositories contain some instances of this, and I have 
myself seen two. It is evident, that the yellow hue, which is 
much less remarkable on account of its anal<^ with the white, 
must also fi-equently occur, whilst the violet, owing to the 
difficulty with which it traverses , imperfectly dii4>hanous me- 
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tlia, wil! but seldom appear. I attribate these colours to the 
tnterfereace of the rays which have traversed the vesicles of 
water or vapour, with those which have traversed air only. 
The pheDomenoQ simply implies, that the part of each tra- 
versed vesicle is not too thick, a supposition which is easily 
admitted a priori. It is completely of the same nature with 
that which you have yourself observed in mica or gypsum 
plates of different thicknesses, and in which the two neigh- 
bouring rays which traverse the different thicknesses of the 
mica or gypsum interfere, and so produce the coloured rays 
(an experiment which, in a parenthesis, we may observe, has 
tnice been reimported during the last year from England) ; 
they are likewise the phenomena kuovni under the term of the 
mixed plates of Dr Young. To produce, then, a blue sun, the 
red, yellow, and even the violet sun, I have taken (see Societi 
Pkilotnatiquey 1827) two plane circular glasses, separated by a 
layer of mixed water and air, of oil and air, and, finally, of oil 
and water ; and by suitably approximating the glasses, I have 
made the flame of a lamp to be seen through them of a uniform 
red tint, and of a blue and violet tint, at pleasure. The en- 
feebled image of the suu reflected by water assumes the same 
colours; and the moon still more strikingly, and bydirect vision. 
Hence, then, I imagine nothing requires to be added to the 
explanation and the reproduction of the meteorological phe- 
nomenon. — ^Not, however, to dismiss the subject of the colours 
of mixed plates, without pointing out some other particulars 
besides their very uniform tints, I shall remai^, that around 
the flame may be perceived the field of two glasses of a more 
feeble colour, and complementary to the colour of the flame ; 
a circumstance of which Dr Young, whom I consulted upon it, 
could not perceive the cause which I have somewhat investi- 
gated. I still contend, that these colours differ from the usual 
colours of their plates, in that these latter, in the oblique in- 
cidences, are polarized in the plane of incidence, both as it 
respects the transmitted rays and the reflected rays, as you 
have demonstrated in the Memoires d'Arcueil ; a circumstance 
which does not occur in those colours of mixed plates, which 
ai'e transmitted obliquely, and which are pu-tially polarized 
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as if by trtrnwiission, Uiat is to say, perpendicularly as to the 
planes of incidence, of reflection, or of traiumUsion, — bo far 
coinciding. I shaU conclude by remarking;, that the planes of 
glass being superimposed one on the other, we can easily give 
to the mixed plate a suitable thickness, by turning the two 
glasses upon each other with a moderate pressure, and by heat- 
ing ihem. 

P. S. I moreover add, that the colours of mixed plates do 
not need, like those of the more ordinary rings, to be placed 
at the precise distance of distinct vision ; that the two inter- 
fering rays not possessing the same intensity, there cannot be 
the complete destruction of any colour, which is equivalent to 
the declaration that all the tints are more or less mixed with 
white ; and that, finally, as it regards the reflected rings of 
mixed plates, the centre is white, the very opposite of what is 
observed in ordinary rings, on account of the known loss of 
a semi-interval of interference. 

2. Influence of the Height of the Barometer on the Level of the 
Sea. — At Stockholm, it is a circumstance generally noticed by 
the people, that, when the water in the harbour, which is a 
bay of the north sea, stands low, so that the water of the 
Malar Lake, which has almost the same level with the mean 
height of the North Sea, has free exit, the air is clear and dry ; 
and when the reverse is the case, so that the North Sea flows 
into the Malar, wind and rain may soon be expected. This 
circumstance was investigated by N, G. Schult^n, who, after 
be had ascertuned the truth of the belief, proposed the fol- 
lowing explanation, in the Transactions of the Royal Aca- 
demy for 1806, p. 77 ; — that when the height of the barome- 
ter, that is, the pressure of the air, is inconsiderable over this 
partof the North Sea, but higher over another, the equiUbrium 
will be more speedily restored by water than by air, for this 
reason, that the latter cannot ^ve way to a higher pressure, 
bat must flow away ; whereas the elasticity of tiie air restores 
tiie equilibrium in this manner very slowly, owing to the por- 
tions of air in contact with each other, of unequal pressure, 
having 80 slight a diffra^nce in pressure, that it is almost uh' 
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observable, although the total amount of difference at points 
many miles distant may be very considerable. The level of 
the water will, therefore, be lower under a higher pressure, 
and higher under a smaller pressure of the atmosphere, and a 
tendency to equilibrium will resnlt. These ideas of Schultc'n, 
although well known in Stockholm, have not attracted, in 
other countries, the attention they deserve, Lately, they have 
received a confirmation Irom Daussy, Ann. de China, et de 
Phys. 62, p. 304, who, without being acquainted with Schul- 
ten's memoir, has made observations at Lorient, on the great- 
est height of the surface of the sea at high water. These, ac- 
companied by barometrical tables, have been published, and 
exhibit, in a most complete manner, the phenomenon to which 
we have now alluded. I consider it unnecessary to quote the 
details of the observations. — Berzeliu^ajakret-Berichl, Sieben- 
eehnfer Jahrgang, p. 64. 



3. Dr BerendCs Invegfigationa on Amber. — We learn with 
much satisfaction, from a letter sent us very recently by Dr 
Berendt of Dantzig, that his important work on the insects, 
&c., found imbedded in amber, and which, though commenced 
in 1830, has been interrupted in its publication, is now to 
be carried on and completed with as little delay as possible. 
The first part contains an analytical or rather synthetical 
account of the amber tree, and of the flowers and fruits 
of other vegetable productions which grew in the amber 
woods. Dr Berendt has transmitted to us the fifteen litho- 
graphed plates illustrative of his second part, and which 
have greatly interested and surprised us by the richness 
of the Entomological Fauna they exhibit. These figures re- 
present the Crustacea, Myriopoda, Arachnidie, and Aptera, 
examined by the author ; and it would appear that all the 
species found in amber are now extinct, and that but a small 
number of the genera at present exist. Many new genera 
have therefore been formed, and also one entirely new family. 
Of the latter, the species Arckeea paradoxa, figured in plate 
2d, at once arrests the attention by its singolar structure and 
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fbnn. The 3d part is also in preparation, and will inclnde 
the Hemiptera, Othoptera, and Lepidoptera; the 4th will 
contain the Netiroptera, and Hymenoptera ; the 5di, £be very 
numerous division of the Diptera : and the 6th and last will 
contain the equally rich section of the Coleoptera. 

4. Notice regarding the Stone u«ed in cotulrucling the Templet 
at FatCum. — When at Psstom, on the 3d of June 1838, 1 oh- 
served a fact regarding the travertine of which the splendid 
Grecian temples there are constructed, which you may per- 
haps thinlc worth inserting in your Journal, and thus lead fa- 
ture travellers to inquire into the cause of the phenomenon. — 
We remarked, that the colour of the three temples was very 
different, although they are all built of the same material, 
(travertine or fresh-water limestone, containing imbedded 
fresh-water shells); two of them being of a grey colour, 
and the other, that usually known as the " Temple of Nep- 
tune," of a rich yellowidi-brown. On closer examination, 
I found that this difference in the colour was caused by the two 
former being covered with a grey erustaeeous lichen, from 
which the latter was perfectly free. I was for some time un- 
able to account for this, when it struck me, that it might be 
caused by the stone containing some matter inimical to vege- 
tation ; and on applying a freshly broken piece to the tongue, 
i perceived a distinctly saline taste. — I brou^t away Bpeci- 
mens of the stone from the different temples, which I gave for 
examination to my friend Mr Kemp, who informs me, that after 
reducing portions of it to powder and boiling it in distilletl 
water, he found, in a portion taken from one of the small- 
er temples, no saline matter in solution ; but in that from 
the largest, or the " Temple of Neptune," a considerable quan- 
tity of muriate of lime. This fact accounts at once for the 
absence of vegetation on that building. — It would be interest- 
ing to ascertain whence this salt was derived, and I regret 
much that we had not time to examine the spot where are 
said to be the ancient quarries, about two miles inland from 
the ruins, an inspection of which might clear up this point. — 
Letter from IF. C. Trevelyan, Eiq. 
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5. Foaeil-Tree at Granton, near Edinburgh. — A great fossil- 
tree, similar to that at Craigleith, has been discovered in the 
sandstone quarry at GrantOD. Its dimensions cannot yet be 
ascertuned, but the distance between the extreme points al- 
ready uncovered is about forty-five feet, and its breadth, 
where most exposed, is about three feet. 

6. Method of distinguithing Trap from Basalt. — Mons. A. 
Braconnot finds, that these rocks may be distinguished by 
subjecting them to distillation; the trap always yields an 
empyreumatic product, which restores the colour of litmus 
paper reddened by an acid, whereas basalt produces no such 
eS'ect ; and he presumes that the organic matter which had 
existed in the materials of the basalt, was destroyed by the 
volcanic heat by which the rock was produced j whereas, he 
conceives trap to have been formed in water, nnder the in- 
fluence of a moderate temperature, insufficient to destroy the 
organic matter which was contained in the debris from which 
it was formed. The trap was selected from various places, 
and of an unquestionable nature ; and the basalt was that of 
Clermont, in Auvergne. M. Braconnot has also found, that 
various granites yield ammonia when heated, and the same 
effect was produced by serpentine and porphyry ; but the 
gneiss of Freiberg, in Saxony, yielded an acid which appeared 
to be the hydrofluoric Many other rocks, of various kinds, 
were subsequently found to yield ammonia. — ^nn. de Chim. 
et de Phgt., January 1838. 

7. Tornadoea on the West Coast of Africa. — There are 
squalls within the limits of the trade winds which evidently 
are not of the nature of rotatory storms. From explanations 
received from naval offices, as well as from some l<^-books, I 
dould be convinced that the tornadoes on the west coast of 
Afiica, as well as the pamperos on the coast of South Ame- 
rica, and also arched squalls, are phenomena altogether dif- 
ferent from the whirlwind ; but this opinion still requires con- 
firmation. — Held on Law of Storms. 
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NEW PUBLICATIONS. 

I. Zoobgy <^ tbe V&yage of H. M. Shift Beagle, under the Command nf 
Captain PitKrvy, during the Year* 1832 to 1896. 4to. Bmitb, Elder, 
ODd CompaDy, London. 

The only Number of this work published ance our last 
notice at page 433 of former volume (vol. xxvi.), is No. 3. of 
Part I. of the Fossil Mammalia, by Mr Owen. 

Mr Owen, in this Number, concludes his account of the 
fossil remains of his new subgenus Mylodon with the follow- 
ing summary : — " From the preceding descriptions, it will be 
seen that the lower jaw of the Mylodon (the only part of the 
animal hitherto met with), is very different from that of the 
Megatherium ; with that of the Megalonyx we hare at present 
no means of comparing it. Among existing Edentata, the 
Mylodon, in the form of the posterior part and angle of the 
jaw, holds an intermediate place between the Ai and the great 
Armadillo ; in the form of the anchylosed symphysis of the 
lower jaw, it resembles most closely the Unau or two-toed 
sloth ; but in the peculiar external configuration of the symphy- 
sis, resulting from the mammilloid processes above described, 
the Mylodon presents a character which haa not hitherto been 
observed in any other species of Bruta, either recent or fossil." 
The descriptions are illustrated by two plates, executed in the 
usual style of excellence of this work. To the description of 
the Mylodon follows that of a considerable part of the skeleton 
of a large Edentate mammal, allied to the Megatherium and 
Orycteropus, and for which Mr Owen proposes the name of 
ScelidoCherium Leplocephalum (from 2xi>jc, femur ; hi"", bel- 
lua ; in allusion to the disproportionate size of the thigh-bone). 
The Cape ant-eater (Orycteropus), of all Edentata, most 
nearly resembles the present fossil in the iorra of its cranium, 
and next in this comparison the great Armadillo (Dasypus 
gigas, Cuvier), may be cited. Although the Scelidotherium, 
like most other Edentals, appears to have been of a low sta- 
ture, and, like the Megatherium, presents a disproportionate 
development of the hinder parts, it is probable, says Mr Owen, 
that, bulk for bulk, it equalled, when alive, the largest exist- 
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tag Pacfaydermis, not proboscidian. There is do evidence 
that it possessed a teeaelated oa&eous coat of miul. The de- 
scription, not finiahed in this Number, b illustrated by nine 
beautiful plates. 

2. nhutnUioru of the Zooloj/y <^ Southern 4fi'i<^i ^- ^o. By Andrbw 
Shitb, M.D.J Surgeon to the Forces, and DiiectoT of the Expe- 
dition into the Inteiioi of Africa. 4to. Smith, Elder, and Com- 
pany, London. 

This, which is the 6fth and last published number of the Il- 
lustrations of the Zool<^ of Southern AAica, coataioe excel- 
lent coloured representations and accurate descriptions of dif- 
ferent new species of quadrupeds and birds, and one unde- 
scribed species of fish belonging to the genus Mustelus. 

Quadrupeds. — 1. Galago Moholi, SmilA. 2. Chrysochloris 
viilosa, Smith. The genus Chrysochloris, as far as is yet 
known, is confined to Africa. The first discovered species, 
the C. aurata, excited much attention from the metallic lustre 
of its fiir, but it is not mentioned by Dr Smith that the spe- 
cies so well described and figured by him has the same me- 
tallic aspect. It would appear that there are now four spe- 
cies of this genus, known to naturalists, viz, C. aurata, C. 
Hottentota, SmitA ,- C. viilosa. Smith ; and C. Damarensis of 
Ogilvy. 

Birdt, — 1. Astur melanoleucus. Smith. 2. Otis Afroides, 
Smith. 3. Gallinula dimidiata. Smith. 4. Gallinula Jardi- 
nii. Smith. 5. Gallinula elegans, Smith, 6. Vanetlus late- 
ralis, Smith. 

Fishes. — Mustelus megalopterus. 

S. lUutlrationt ^ MeAmies. Bj the Rev. H. Hoblbt, F.RB., Profes- 
sor of Natural Philosophy and Astronomy in King's College, Lon- 
don. 8to, pp. 436. Engravings on wood. Longmaa and Company, 
London. 1839. 

This valuable volume is the first of a series of " Illustra- 
tions of Science," by the Professors of King's College, Lon- 
d(m, in the course of publication by Messrs Loagman and 
Company. 
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4. Diettonanf qf ArU, Manufacture* and Mintt, coniaiaiitg a clear Em- 
poeition ^ their PrindpU* and Fraetiee. By A. Uu, MJ>., 
F.tLS., &c. llliutnted with 1240 mgnviaffl in wood. 8n>, 
pp. 1344. LoDginan and Company, 1839. 

The priDting of this very useibl work is now finUhed. We 
have only to add to our former commendation, that we doubt 
not it will ere long find a place in every manofiactory and 
workshop in the countrj'. 

6. Journai qf Ike Jiiatte Soeietg qf Bengal. E^ted by Ur Ptitmp. 
Numbers for Augtut, 8ept«inber, October, and November, 1839. 
Calcutta; and Mewn W, H. AUen and Co., London. 

In these numbers we find the £Dllowing articles immediately 
connected with physical science :— 

Ai^iut: — ^Report of the Coal diacovwed in the TenasBerim 
Provinces, by Dr Heifer. Note on a species of Arcttmix from 
Arracan, by Dr G. Evans, Curator As. Soc. Museum. Sep- 
tember: — ^Botanico- Agricultural account of the protected Sikh 
States, by M. P. Edgeworth, Esq., C. S. Masuri. Extracts 
from the Mohit (the Ocean), a Turkish work on Nav^ation in 
the Indian Seas, translated and communicated by Professor 
Joseph Von Hammer. Note on the New Zealand Caterpillars, 
by G. Evans, F.sq. Table of Mortality ioe ages from birth to 
twenty years, framed irom the Registers of the Lower Orphan 
School, Calcutta, by H. T. Princep, Esq. October .-—Report of 
a Visit made to the supposed Coal-field at Bidjeegurh (Vi- 
jayagadha), by Mr George Osborne. Report on ten speci- 
mens of Coal from Captain Bumes. Note on the Animal pro- 
ductions of the Tenasserim Provinces, by J. W. Heifer, Esq, 
M.D. On a new species of Pheasant from Thibet, by B. H. 
Hodgson, Esq. — Population and Mortality in Calcutta. No- 
vember : — Report on the Copper Mines of Kumaon, by Capt. 
H. Drummond, 3d B. L. C. Observations on six new speci- 
mens of Cyprinidte, with an oatline of a new classification of 
the &unily, by J. M'Clelland, Esq. Bengal Medical Establish- 
ment Report upon the Coal-beds of Assam (submitted to 
Government by the Committee appointed to investigate the 
Coal and Iron resources of the Bengal Presidency, as a sup- 
plement to their first printed Report). 
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List of Patenlt granted for Scotland from 18/A March to 18/A 
June 1839. 

1. To SiMUEL Cleoo of Sidmouth Street, Gray's Inn Rood, in the 
couDtj of Middlesex, engineer, for iin invention of" a oew improvement in 
valves, and tho combination of them with machinery." — 18th tiarch 1839> 

2. To JoBir Leiob of Manchester, in the county of Luica8ter, surgeon, 
for an invention of " an improved mode of obtaining carbonate of lead, 
commonly called white-lead." — 18th March 1838. 

3. To Joseph Bemkxt of Tumlee,near 01ciaBop,in the county of Derby, 
cotton- Bpioner, for an invention of "certun improvements in the machinery 
for carding, drawing, slubbing, roving, and spinning silk, wool, cotton, 
worated, flax, and other fibrona substances ; which improvements are also 
i^licable to other useful purposes." — 20th March 1830. 

4. To JoBM Plates, the younger, of Loughor, near Swansea, in tbo 
county of Qlamorgan, engineer, for an invention of " improvements in fur- 
naces and fire-places for consnming anthiBcite and other fuel, for generat- 
ing steam, evaporation, smelting and heating iron and other metals." — 21st 
March 1839. 

5. To JoHK Boiiysox of North Shields, in the ctnmty of Northumber- 
land, engineer, for an invention of " a nipping lever for causing the rota- 
tion of wheels, shafts, or cylinders, under certain circumstances." — 22d 
March 1S39. 

6. To JiiMBS Gabdnek of Banbuty, in the county of Oxford, ironmonger 
for an invention of " improvements in cutting Swedish turnips, mangel- 
wurzel, and other roots used for food for sheep, homed cattle, and other 
animals."— 2Bth Blarch 1839. 

;. To GEoneE Cottoh of Winsley Street, Oxford Street, in the county 
of Middlesex, engineer, for an invention of " improvements in the koo.- 
etruction of wheels for rulway and other carriages." — 26th March 1839. 

8. To BicuAU) Roberts of Manchester, in the county palatine of Lan- 
caster, civil-engineer, an extension of seven years, from 6th April 1839, of 
a patent granted to him for an invention of " an improvement, or certain 
improvements of, in, or applicable to the mule, hilly, jenny, stretching 
frame, or any other machine or machines, however designated or named, 
Dsed in spinning cotton, wool, or other fibrous substances, and in which 
either the spindles recede from and approach the rollers or other deliverers 
of the said fibrous substances, or in which such rollers or deliverers re- 
cede from and approach the Sfandles." — 2Sth March 1839. 

B. To And&ew Shith of Prince's Street, Leicester Square, in the 
county of Bliddlesex, engineer, for an invention of " cert^ improvements 
in qipsiatus for heating fluids and generating steam." — 27th March 1839, 

10. To Wilton Wood of Liverpool, in the county of Lancaster, mer- 
chant, for an invention of " improved methods of making bands and tack- 
ling, t« be naed in driving, turning, or carrying machinery," — 37th Mardi 
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11. To John ItOTHveH and Uokiib West Botrvh of Edinbnri^, 
civil-«ngineerB, for an invention of " itnprovementB in boilera for generating 
Bteam, in economizing fnel, in propelling veonla bj steam or other power, 
and ventilating vessels, and vrhieh may be applied U> mines or buildings." — 
2Bth Much 1839. 

12. To John Obat of Liverpool, in the caantj' of Lancast«r, enginevr, 
for an invention of" certain improvements in steam-engines, and appar^tos 
connected therewith ; which improvements are particularly applicable to 
marine engines for propelling boats or vessels ; and part or part^ of which 
improvements are also applicable to locomotive and stationary steam- 
engines, and other purposes." — 39th March 1839. 

13. To William Hai.b of Greenwich, in the county of Kent, for an in- 
vention of " improvements in steam -engines, and apparatus connected 
therewith, and in macliint'ry for propelling vessels ; part of which improve- 
ments are applicable to nusitig or forcing fluids."— ^9d April 1039. 

14. To William ITekbt Pobteb of Bussia Bow, Milk Street, Cheap- 
nde, in the city of London, warehouseman, for on invention of ** improve- 
ments in anchors." — 2d April 1839. 

15. To Thomas Asamsok of Dundee, in the county of Forfar, North 
Britain, ship-builder, for aa invention of" cprtalu improvements in the ma- 
cliinery employed in turning windlasses."— 2d April 1839. 

16. To RoiEBT LodAH of Trafalgar Square, in the county of BtidillescT, 
for an invention of a "new cloth or cloths constructed from cocoa-nut fibre, 
and certain improvements in preparing such fibrous material for the aune 
and other puiposcs." — 3d April 1839. 

17. To JoHH BouBKE of the city of Dublin, engineer, for an invention of 
" certMn improvements in steam engines, and In the construction of boilers, 
ftimaces, and steves." — 18th April 1839. 

18. To Job Cutlxb of Lady Poole Lane, Spark Drook, in the parivh of 
Aston, in the borough of Birmingham, in the county of Warwick, gentleman, 
for on invention of " improvements in combination uf metals applicable to 
the making of tubes or pipes, and to other purposes, and in the method or 
methods of making tubes or pipes therefi'oin ; which improved method or 
methods is or arc applicable to the making of tul>e9 or pipes from certain 
other metals and combinations of metals." — 17th April 1839, 

19. To Jons WooLBiCBof Birmingham, in the county of Warwick, pro- 
fessor of Chemistry, for an invention of " nn improved process of manufac- 
turing carbonate of lend, commonly called white leid." — 17th April 1839. 

20. To JoHK HiLLABD, for an invention, communicated by a foreigner 
residing abroad, of " certain improvements in machinery or apparatus for 
making or manufacturing screws." — 34th April 1839. 

ai. To Jahgs NASMYTHofPatricroft, near Manchester, in theconntyof 
Lancaster, engint^r, for an invention of " certain improvements applicable 
to the bearings or jonmals of locomotive and other steam-engines; whicli 
improvements ore also applicable to the bearings or jonmals of machinery 
in general."— 24ih April 1839. 

32. To Obobob Pbicb of Corahiil, in the city of Loadon, geBtleman* 
lor an invention commimicated by a foreigner tending abritad, of " im- 
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proveroeuta in filtering and clariljiDg water and other liquids." — 30th April 
183S. 

23. To WiLLiAu PoKTiFEX of Shoe Lane, in tlie city of Landou, 
cof^terBUiitli, for tui invention of ** improvements in apparatus or materials 
emploj'ed in filtering and clHri/ying water and other liquids." — 30th April 
1839. 

i*. To James Shith of Deanston Works, b the parish of Kilmadock, 
in the count; of Perth, cotton-spinner, for an invention of " certain im- 
provements in the machinery for spinning and tvisting of wool and other 
similar fibrous sabfitiinces."'— 30th April 1839. 

36. To Thokas Barhabab Daft of Begent Street, in the countj of 
Uiddleeei, gentleman, for au invention of " certain improvements in ink- 
stands, and in materials and apparatus for fasteninK and sealing letters." — 
30th April 1639. 

26. To Elisha Hatsok Collier, late of Boston, in tlie United States 
of North America, but now of Globe Dock Factory, Uothorhitbe, in the 
conntj of Snrrey, civit-engineer, for an inveulion of " improved machinery 
for manufacturing no^a." — 30th April 1839. 

27. To Hathew Heath of Fumival's Inn, gentleman, for au invention, 
communicated by a foreigner residing abroad, of " improvements in clarify- 
ing and filtering water, beer, wine, and other liquids." — 30th April 1839. 

18. To Janes Wbitelaw of Glasgow, in the county of Lanark, North 
Britain, engineer, for an invention of " nn improved rotatory machine (o bo 
worked by the pressure and reaction of a column of water, which macUina 
may be used as a steam-engine, also an improved water meter, and a 
machine for nusing water or other liquid by its centrifugal force." — t7lh 
May 1839. 

29. To William Watsoh of Temple Street, in the county of Dnblin, 
gentleman, for an invention of " an improvement in the coustmction of 
ships, and which improvement is alao applicable to all kinds of sea-going 
vessels i and also certain improvements in the constmction of boats and 
other vessels intended to be used on canals and inland navigations." — 2011i 
May 1339. 

30. To JoREPB AMEsnDBT of Burton Crescent, in the parish of St Pan- 
eras, in the county of Middlesex, sorgeon, for an invention of " a certain 
apparatus, or an improvement or improvements in apparatus for the sup- 
port of the human body."— 34th May 1839. 

31. To John IIenfhet of Weymouth Terrace, in the pariuh of Shore 
Ditch, and county of Middlesex, engineer and machinist, for on invention 
of " certain improvements in the mannfacture of hinges or joints, and in 
the machinery employed therein." — 29th May 1039. 

39. To Soma Boir of College Street, South, and Bvoh Fkancis Reit- 
vie of Glengall Street, both in the town of Belfast, and in the county of 
Antrim, flax-spinners, for an invention of" certain improvements upon the 
■[dnuing-frame used for spinning flax, hemp, and tow, upon the wet prin- 
ciple."— Bflth May IB39. 

33. To JoHU WitiiAMSoi(WHiTT*«ERof Bollon,inthccoiiiily cf Lan- 
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carter, joiner, and Bowlamd Hall Heatoh, «f the sune place, cotkm- 
epinoer, for an inTention of " certain improTementa in the ineana of coit- 
necting or uniting straps or bauds for driving machinerjr and other »in<il»i- 
purpoeea, and in the apparatm for effecting the game."— 30th May 1839. 

34. To Jaueb Dbew of Manchester, in the county of Lancaster, civQ- 
eogineer, for an invention of ■* certain improvemeuta in the means of eon- 
Burning smoke and ecoDontizing fdel in steam-engines or other fiimaces or 
fire-places."— 31st May 1S39. 

36. To JoBM GZOBGE BoDMEK of Manchester, in the connty of Lancas- 
ter, engineer, for an invention of certain improvemenCa in the machinery 
or ^tparatDB for carding, drawing, roving, and spinning cotton, wool, flaz, 
silk, and other fibrous substances." — Sth June 1839. 

36. To Edwaxs Feabsoit Tkb of Barnsley, in the county of York, dyer 



and linen-manufacturer, for an invention of ' 



improvements in weaving 



linen and other fahrics." — 6th June 1839. 

37. To William Higklino Burnett of "Wharton Street, Bagnigge 
Wells Road, in the county of Middlesex, gentleman, for an invention of 
« improved machinery for cutting or working wood."— lath June 1839. 

38. To JoHX RoBEKTi of Manchester, in the county of Lancaster, ma- 
chine-maker, for an invention of " certain improvements in machinery or 
apparatus for planing or cutting metals." — 14th June 1839. 

39. To Geoboe Nelson of Leamington Priors, in the county of Wai^ 
wick, gentleman, for an invention of " a certain new or improved method, 
or new or improved methods, of preparing gelatine, which has the proper- 
ties of or resembles g]ue."~17th June 1839. 

JO. To William Moboam of New Cross, in the county of Surrey, gen- 
tleman, for an invention of" improvements in tho generation of steam."— 
17th June 1839. 

41.Ta William WniTHAM of Huddcrsfield, in the county of York ma- 
chinist, for an invention of « improvements in engines to be worked by 
steam, water, or other fluids."— 17th June 1839. 

43. To Albiamdxb Fbabcis Campbeil of Groat Plurastead, in the 
county of Norfolk, Esq., and Charles White of the city of Norwich, me- 
chanic, for an invention of ** certiun improvemehlB in ploughs, harrows, 
scarifies, cultivators, and horse-lioes.- 17th June 1839. 

43. To Charles ANnaew Caldwell, of Audley Square, in the county 
of Middlesex, Esq., for an invention, communicated by a foreigner residing 
abroad, of- improvemenU b furnaces and apparatus for applying the heat 
of fhe)."— 18th June 1S39. 
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I. We are reques(«d by Dr Martin Barry to state, that, at tlic time of 
presenting his " Second Series'' of " Besearches on Embryology" to the 
Royal Society (of which on abstract was given in our last Nomber), he was 
not aware that the fact regarding Spermatozoa reaching the sur&ce of the 
Ovary, had been previously discovered by Dr Kschof "of Heidelberg. 

IL The important Biographical Memoir of Watt, occupying so large a 
portion of the present number of the Journal, obliges us to delay till onr 
next publication, several communications we intended to have laid before 
our leadets at this time. 
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JBicffrapAieai Memoir o/Jjmbs JFjtt, one of the Etghf Foreign 
AaaociaUa of the Academy of Seiencet. By M. Abaqo, Per- 
petual Secretary.* 

Gbntlkukn, — A^r perusing the long list of battles, assas- 
sinations, plagues, famines, and direful calamities of all sorts, 
wliich the annals of some country presented, a philosopher ex- 
claimed, " Happy the country whose history is uninteresting !" 
To this apc^hthegm another may, with great propriety, he 
added, at least in a literary point of view, namely, *' Hard the 
task of the man who is called to recoimt the history of a 
happy people \" If the exclamation of the philosopher lose 
nothing of its force when applied to individuals, its counter- 
part irequently, with equal troth, characterizes the labour of 
the biographer. Such has been the nature of my reflections 
while studying the life of James Watt, and while collecting 
the kind communications of the relatives, tJie acquaintances, 

* Several jeora Ago (Dec 8. 1B34), when this Memoir was read to the 
French Academy of Bcieiicea,we applied for a copy, with the view of trans- 
lating it for onr Journal, wfaers already bo many'af the moat classical of the 
Xlogea of Cnvier, Ango, and Flonrens had sppsarcd. Out wish wu pre- 
mised to be gratified, bat, owing to comnderable delay in priutiiig, our copy, 
although the first sent to this conntty, was not received till lately. Being 
aware of the muTersal interest which this remarkable Memoir was to ex- 
cite, we have not delayed onr translation, and have now the pleasure of 
lajing before onr readen a &ith&l, and, we bust, accurate verrion of tl|e 
ncBt important Eloge ever written by Arago, '' 
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and the friends of the illustrious mechanist. That life, d»* 
voted to labour, to Btudy, and to meditation, tnnuBhes none of 
tiiose striking events whose recital, thrown with a little ad- 
drees among the details of science, tempers their dnlnesa. 
I sb&U, however, relate it, were it for no other reason than 
to shew in how humble a sphere were elaborated those mi^ity 
prefects which were destined to elevate the British nation to an 
unheard of height of power ; and 1 shall endeavour more par- 
ticularly to characterise wiUi minute accuracy those splendid 
inventions which will for ever associate the name of Watt 
with the steam-engine. I am well aware of the disadvantages 
■wlaoh attend this plan, and am prepared fw the criticism : 
*< We expected an butorical eloge, and have heard only a dry 
and barren lecture." If my discourse, however, be compre- 
hended, I shall willingly submit to the reproach. I shall 
do my best not to fatigue your attention, remembering that 
cleamesB eonstitntes politeness in a public speaker. 

CkOdMood and youth of Jamss Wa tt ; kU e^>oi»tmaa at Imlru 
metu-maker to the Umnerti^ <^ Glatgow. 

Jamib Watt, one of the eight Foreign Associates of the 
Academy of Sciences, was bom at Greenock in Scotiand <»i 
the 19th day of January in the year 1786. Onr nei^boors 
on the othw side of the Channel have the good taste to think 
that the genealogy of a respectable and industrious family is 
as wcfftiiy of preservation as the musty parchments of some 
titied houses idiich have become cdebrated only by the enw- 
mity of their vices or tiieir crimes. Hence it is that I can 
state with certain^ that the great-grandfatiier of James 
Watt was a farmer settled in the county of Aberdeen ; that 
he fell in one of Montrose's battles ; tiiat the conquering party, 
as was then the custom (and I was going to add as is s^ 
the practice in civil broils), did not consider death as suffi- 
cient e^oation for those opinions on account of whi^ tlte 
poor fanner had bled ; tfaat.tiiey, moreover, punished him in the 
person of his son, by confiscating his small property ; that this 
imfortunate child, whose name was Thomas Watt, was taken 
cetre of by some distant relations ; that, in the very is<dated 
utnation to which be was thus reduced, he devoted himself to 
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lerions and anduous stndy ; tliat, in more tranqtul iam&B, he 
asteblished hinudf in Greenock, where he taught mathema&s 
and ibe elements of narjgatioii ; that he resided in the Burgh 
(kF Bkrcny of Crawford'e-dyke, ot iritioh, for several yean, he 
held the office of baron-bulie, or, in other words, was chief 
magistrate ; and that, finally, he ^ed in the year 1734, at the 
age of ninety-two years.* 

Thomas Watt had two sons. The elder, Jdin, followed, in 
the city of Glasgow, the occnpation of his &ther. He died in 
the year 1787, at the age of fifty, having exeented a chart of 
the course of the riTer Clyde, which was snbseqaently pnb- 
lished under the direction of his brother Jamei. This last 
named individoal, the father of the celebrated engineer, was, 
daring the qoarter of a century, oouncillw, treasmvr, and 
bailie of Greenock, having declined the ofiSce of chief magis- 
trate, and was celebrated for the ardent zeal, and the enlighten- 
ed ^irit of improvement, with which he discharged his dotiea. 
He was a {Moralist (and let no one be alarmed at these three 
syllables, which have now in France become the olgect of ge- 
neral anathema ; they ii^ure not the memory of James Watt), 
— he cMnbined three different kinds of occnpatitHi ; he fur- ■ 
nished the several kinds of apparatos, utensils, and instra- 
mcmts whichare necessary for navigation ; he was also a builder 
and a merchant ; notwithstanding «ddch, towards the close ef 
life, be unfortunately suffered severely from some commercial 
enterprizes yrbidi deprived him of a portion of that hcmour- 
able fwtnne he bad previously acquired. He died at the age 
of ei^ty-four, in the year 1782. 

James Watt, the subject of this Memoir, wag in iniancy an 
exceedingly delicate child. His mother, vrboee fiunily name 
was Miiirhead, was his first instmctor in reading, iriiilst ias 
fitthw taught him writing and arithmetic. He also attended 
tfie elementary public school at Grreenock ; so that the hum- 
ble grammar aekooU of Scotland may boast of having educat- 
ed the celebrated engineer, in the same way that the Collige 
de la FUcAe was wont to enumerate Des Cartes ; and Cam- 
bridge to the present day prides its^ on Newton. To be 

* On ha gnn&UtJM h» ia dtwgnated " Frofamr af MirthMnittw."— Iton'. 
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minately acctirate, however, I oogfat to add, that iLaibitaal in- 
disposition interfered Trith young WaWs regular attendance 
at the public school of Greenock ; and that, for a great part of 
the year, he was confined to hia chamber, where he devoted 
lumself to study, without any extrinsic ud. As often hap- 
pens, luB superior inteOectoal faculties, destined to produce 
such valuable results, began to develope themselves in retire- 
ment and meditation. 

Watt was so delicate that his parents did not venture to im- 
pose any thing in the sh^te of severe tasks upon him ; they 
left him very much at liberty in the choice of his occupations, 
and it will be seen be did not abuse the indulgence. A gentie- 
man one day calling upon Mr Watt, observed the child bending 
over a marble hearth, with a piece of coloured chalk in his 
hand ; " Mr Watt," sud he, " you ought to send that boy to 
a public school, and not allow him to trifle away his time at 
home." *' Look how my child is employed, before yon con- 
demn him," replied the father. The gentleman then obser- 
ved that the child had drawn mathematical lines and circles 
on the hearth. He put varions questions to the boy, and 
was astimished and gratified vrith tiie mixture of intelligence, 
quickness, and simplicity displayed in his answers : He was 
then trying to solve a problem of geometry. Influenced by 
his parental solicitude, Mr James Watt very early put a num- 
ber of tools at the disposal of the young scholar, who very 
soon used them with the greatest possible address. He would 
take to pieces and'^ain put together the vanooa toys that came 
within his reach, and he was very active in making new ones- 
Somewhat later he undertook the constmction of a small elec- 
trical machine, whose brilliant sparks became a lively source 
of amusement and surprise to his young companions. 

Watt, with an excellent memory, might, nevertheless, not 
have peculiarly distinguished himself among the youthful pro- 
digies of ordinary schools. He never could have learned his les- 
sons like a parrot, ^ he experienced a necessity of carefully 
elaboratii^; tiie intellectual elements presented to his atten- 
tion, and nature had peculiarly endowed him with ^e &culty 
of meditation. Upon the whole, Mr James Watt augured most 
favourably of the nascent powers of his child. Some other of 
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IiiB more distant relatives, less diaceming, did not share in 
these hopes. His aunt Mrs Muirhead, sitting with him one 
evening at the tea-tabte, said, " James, I never saw such an 
idle boy ! Take a book or employ yourself usefully. For the 
last half hour yon have not spoken a word, bnt taken off.the 
lid of that kettle and pot it on again, holding now a cup and 
now a silver spoon over the steam ; watching how it rises from 
the spout, and catching and counting the drops of water ftirmed 
by condensation." It E^pears that when thus blamed his active 
mind was engaged ia investigating the condensation of steam. 

Who ara<«ig us, if we had been placed in the same circum- 
stances as Mrs Muirhead, would not in the year 1750 have re- 
sorted to the same languf^ ? But the world since that tune 
has advanced, and our knowledge has increased. Moreover, 
when I shall speedily explain that the principal discovery of 
our associate consisted in a particular method of converting 
steam into water, Mrs Mnirbead's reproaches will appear to us 
in a very different light ; the boy pondering before the tea- 
kettle will be viewed as the great ei^ineer preparing disco- 
veries which were soon to immortalize him ; and it cannot but 
^pear remarkable that the words condetuation of steam should 
come, as it were, naturally to present themselves in the history 
of the infancy of Watt. I have tiie more willingly alluded 
to this angular anecdote, because, for its own sake, it richly 
merits preservation. And, as the occauoD has presented it- 
Sielf, let us impress on youth that it was not modesty alone 
which prompted the response of Newton, when, in reply to a 
certain great personage who inquired how the principle of 
gravity was discovered, be answered, " Stf aitvays thinking of 
it!*' Let us point out, in these simple words of the great au- 
thor of the Principia, what is the tme secret of men of genius. 

The extraordinary felicity of anecdote with which our as- 
sociate, for fifty years, delighted all thoee with whom be asso- 
ciated, very early developed itself. The proof of this will IM 
£rond in a few lines which I extract from an unpublished nota 
written in the year 1798 by Mrs Marion Campbell, the connn 
and youthful companion of tiie celebrated engineer.* " He 

* I am indebted for Uiis cnrions docnmeiit to inj' friend Mr James Watt 
of Soho. ThiiakB to the profouud veaemtion he has preserved for tfatf Bw 
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was not &tirteen, idien his mother brongfat lum to Glasgow 
to visit a Mend of liers ; his brother John accompanied him. 
On Mrs Watt's return to Glasgow some weeks after, her Mend 
stud, " Yon must take your son James home ; I cannot stand 
the degree of excitement he keeps me in, I am worn out for 
want of sleep. Every evening before ten o'clock, oar usual 
hour of retiring to rest, he contrives to engt^ me in conver- 
sation, then begins some striking tale, and, whether hnmorooa 
or pathetic, the interest is so overpowering, that Hie family 
all listen to lum with breatblees attention, and hour after hoar 
strikes unheeded." 

James Watt had a younger brother, John,* who, havii^ 
determined to follow the career of his father, left the other, 
acc.ording to the Scottish custom, at liberty to indulge his 
own taste in selecting his profession. In the present case, 
however, tlus was unusually difficult, for the young student 
prosecuted almost every branch of science witb equal success. 
The banks of Loch Lomond, already so celebrated by the 
recollections of the historian Bachanan, and by those of the 
illustrious inventor of Logarithms, developed his taste for tlie 
beauties of nature and for botany. His rambles among the 
mountain-scenery of Scotland made him perc^ve that the 
inert crust of the globe vras not less worthy of attention, and 
be became a geologist James also took advantage of his 
frequent intercourse with the humbler classes in those en- 
chanting regions, for the purpose of decyphering their local 
tr.iditions, their popular ballads, and their wild prejudices. 
When hie state of health confined him to his bKh er's dwelling, 
it was chiefly chemistry which formed the subject of his inves- 
tigations. E^Gravesande's Elements of Natural PMlotophy ini- 
tiated him also into the thousand marvels of general phy- 
ncs ; and finally, like all valetudinarians, he devoured such 

motj of hii inoatrioiu &tker, and still mote to the exhwutleH kindnsM 
vidi wliioh ha hu answered all jaj inqnmei^ I bftve thnragii hii nirwit 
hwB a b le to avoid vrioai iaaoonraciee which have foonil their my into the 
moat eeteouad biognqihiai, and whioh I ngvel^ from partial infonnation, 
hod not been able at first to avoid. 
'QapariibedinoiM of his firtlMt'a vaMtta whoa s^Ui^ fttm ONweek 
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•maik» on medicine and sni^eiy as he coold jwwMire. TbeM 
last sciences had so mncb excited his interest, that he was 
one day detected oonTeying into his room the head of a child 
which had died c^ scnue obscare disease, that he might take 
occasion to dissect it. 

Watt, however, did not devote himself either to botany or 
to mineralogy, to literature or poetry, w chemistry, or phy* 
nos, OT medicine, although he was ao well prepared fiw the 
prosecution of any one of these various studies. In the year 
1765 he went to London, and there placed himself under the 
instructions of 3ft- John Morga*, maUtematicai and naoticfd 
instnunent-maker in Finch Lane, CornhilL The man ^o 
was about to cover England with engines, in compariacHi witli 
which, so far at least as effects are c<«icemed, the antique 
and colossal machine of Marly is but a pigmy, commenced his 
career by ctmstmctiDg, with his own hands, instraments vioiAi 
were fine, delicate, uid fragile, — ^those small bat admirable 
reflecting sextants to itiiich navigation is so much indebted 
fw its progress. He did not continue witii Mr Morgan modi 
above a twelvemonth, and " in the year 17&7 went to settle 
in Glasgow, as a makw of mathematical instruments ; but 
being molested by some of tiie corporations, who considered 
him as an tntmder on their privileges, the Univ^-sity pro- 
tected him, by giving him a shop within their precincts, and 
by conferring on him the title of mathematical instrument 
maker to the Univ^si^.''* There are still in existence eome 
■mall instruments which were at this time made entirely by 
Wattes own hands, and they are of very exquisite woi^man- 
ship. I may add, that his son has lately shewn me the first 
designs of the steam-en^e, and they are truly remarkable 
fiur the delicacy and precisitm of the drawing. It was not 
without reason, whatever may be said of it, that Watt spoke, 
with cconplacency of his manual dexterity. Perhaps you 
will thiok me over scmpulons in thus claiming fer our as- 
sociate a merit which adds but littie to his glory. But I 
emiftss tiiat I never listen to a pedantic enumeration of the 
qualities of which able men have been destitute, without 

*l(S.«fDrinadc 
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thinking of that would-be general in Lonis XlV.'s time, wtto 
always canied lua right shoulder hi(^ because Prince Ei^eae 
bad this deformity, and imagined that imitating him in this 
point, it was unnecessary to carry the resemblance any ftrthw. 
Watt had scarcely attained bis twenty-first year when he 
was thus connected with die University of Gla^ow. His 
prindpal friends on the occasion were Adam Smith, the au- 
thor of The Wealth of Nations ; Dr Black, whose diacoTeries 
respecting latent heat and the carbonate of lime have placed 
him among die first diemists of the eighteenth century ; and 
Robert Simaon, the celebrated restorer of the most imp<atant 
works of the ancient geometricians.* These eminent men at 
first only considered that they had relieved from the vexatious 
annoyances of the corporations, an expert, zealous, and agree- 
able vrorkman ; hut they soon discovered that he was, mtwe- 
over, a remarkable man, and expressed towards him tbe warm- 
est friendship. The youth attendii^ the University also om- 
udered it an honour to be admitted to his mtimacy ; so that Au 
*h^ — I repeat) his shop became a kind of academy whither 
the most eminent persons in Glasgow resorted, to talk over the 
most difficult questions of art, science, and literature. Nor> 
in truth, should I venture to describe to yon the part that the 
young workman of twenty-ono to(A in these discusoons, if I 
could not do so in the unpublished words of one of the most 
iOnstrioDS contributors to the Encycloptedia Britannica- " I 
had always, from my earliest youth," writes the late Professor 
Robison, *' a great relish for the natural sciences, and particn- 
larly for madiematical and mechanical philosophy, when I 
was introduced by Drs Simson, Dick, and Moor, gentlemen 
eminent for their mathematical abilities, to Mr Watt. I saw 
a w(a*kman, and expected no mco-e ; but was surprised to find 
a philosopher, as young as myself, and always ready to in- 
struct me. I had the vanity to think myself a pretty good 
proficient in my favourite study, and was rather mortified at 
finding Mr Watt so much my superior, .... Whenever any 
puzzle came in the way of any of the young students, we went 
to Mr Watt He needed only to be prompted ; for every 

" To tkne it is only an act of jtutice to add Dr Dick, ProfeMor of 
KMonl FhUoMphfiof whoae merits Frofetaor Bolnwn and Watt alw^i 
■pake in loiu of vi^i-^innt. 
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thing became to hbn the be^ning of a new and serious study, 
and we knew thftt he would not quit it till he had either 
discorered its insignificancy, or had made something of it 
He learnt the Gotduui language in order to peruse Leojibld's 
Theatrom machinarum. So did I, to know what he was about. 
Similar reasons made us both learn the Italian language. 
• • • When to his superiority of knowledge is added the 
iv&ve simplicity and candour of Mr Watt's character, it is no 
wonder that the attachment of his acquaintances was strong. 
I have seen something of the world, and am obliged to say I 
never nw such another instance of general and cordial at- 
tachment to a person whom all acknowledged to be their 
n^rior. But that superiority was concealed under the most 
amiable candonr, and a liberal allowance of merit to every 
man. Mr Watt was the first to ascribe to the ingenuity of a 
friend, things which were nothing but his own surmises fol- 
lowed out and embodied by another. I am the more entitled 
to say this, as I have often experienced it in my own case." " 
It is for yon, gentlemen, to determine whether it was not as 
honourable to have expressed this concluding sentiment as to 
have inspired it 

The diversified and profound studies in which the circum- 
stances of lus mngular position unceasingly engaged the young 
artisan of Glasgow, were never allowed to interfere with the 
labours of the workshop. These he executed dnring the 
course of the day, whilst the night was devoted to theoretical 
researches. Confiding in the resources of his fertile imagi- 
nation, Watt iqipeared to luxuriate in the most difficult under- 
takings, and in those which might be thought most foreign to 
his tastes. Will it be believed that he undertook the building of 
an organ, thou^ totally insenmble to the charms of music, so 
much so that he could not distinguish one note from another ' 
Nevertheless the work was accomplished. It is scarcely neces- 
sary to say, that the new instrument exhibited important im- 
provements in the mechanical details, — in the regulators, and 
in the manner of measuring the force of the wind ; but one is 
surprised to learn, that its powers of harmony were not less 
remarkable, and that they delighted profaemonal mostdans. 

*HS.tfthelat«FrofwKirBolnii»< ,^ , 
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Watt, in fact, resolved an important part t£ a rery diffienli 
inx>bleia ; be made ont the scale of tempermment by the me- 
thod of pnlaationa (dee battements), at that time little under- 
stood, and the knowledge of which he could not have obtained 
except in the profound bat voy obscure work of Dr Robert 
Smith of Cambridge. 

Hu&iry of the Steam-EngiM. 

We are now arrived at the most Inrilliaot period of t^e 1% 
of Watt ; and I fear also at the most difficult part of my task. 
The immense importance of the inventlona of which I am 
about to treat, cannot for a moment be doubted ; bat posdbly 
I may not succeed in making them clearly undwstood, with- 
out going into minute numerical comparisons. That theae 
comparisons, if they do become indispensable, may be readily 
followed, I shall here state, as briefly as possible, the ab- 
stract phyucal principles upon which they must be based. 

As the result of simple chai^ of temperature, water mi^ 
exist in three perfectly distinct statee, — in the solid, the li- 
quid, and tbe gaseous state. Below SSP Fahr. water becomes 
ice, at 212° it is rapidly transformed into Ts^wor, and in all 
the intermediate degrees it is liquid. 

The carefid obserration of the points c^ passage from one 
of these conditions into another, leads to discoveries of the 
hi^eet importance, which fcHia the key to the economical 
appreciations of steam-en^nes. 

Water is not necessarily warmer than is ev^ kind of ice ; 
water may be maintained at dw temperature of 32° without 
freezing ; ice may continue at 32° without melting ; but it is 
very difficalt to believe that this water and this ice, both of 
them at one and the same degree of temperature, differ on^ 
in their physical properties, and that there is not soma ele- 
ment, apart from water properly so called, vriiich diadn- 
goishes the solid water from the liquid wat«r. A very sinqile 
experiment vrill elnridate this mystery. Mix two pounds* 

* In tliis UliutTRtiMi, the frutioti* ariai&g from the djffhrmnw of Ab 
thennmnotrio miIm^ omitted, and benw the figme* are ooljr ^fiwd- 
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of «st«r at the freesing pcHnt with two poondB at 167° Fahr., 
the fata ponnds of the nuztan will be found to be at 99°, 
that is to Bay, at the mean temperatnre of the conuaized li- 
qoids. The hot water is thns found to have preaerred 67° of 
ite previous temperature, and to have yielded 67 other degroet 
to the cold water. AH this is what would readily be expected, 
and could easily be fin'eseen. And, now, let VM repeat the ex- 
periment with a sia^ modification. Instead of the two 
poonds of water at the freesing point, let as take two ponnda 
of ice at predsely the same temperatnre. From the mixture 
of this two pounds of ice witli the two pounds of water at the 
tempottture of 167°, tiiere will resnlt four pounds of liquid 
water, since ihe ice, phmged into the hot water, most needs 
be diflstJved, and will yet retain its former weight ; but yon 
most not conclude that, frcon this second mixture, there will 
result as frtnu the former a temperature of 99°. Very far from 
it ; in this latter experiment, the water will not be above the 
freezing point, and there will not remain a single trace of the 
135° of the heat of the two pounds of water ; these 135° will 
have dissolved all the particles of the ice, and have combined 
with them, but without having heated them in the slightest 
degree. 

I have no heatation in addmung this experiment of Dr 
Black's as one of the most rema^able in modem physios. 
Obflwe its oonaeqnences. Ice, at its habitual temperatore 
33°, and water at the same ten^eratnre, differ in their essen- 
tial compontioa. The liquid, in addition to what is contain- 
ed in the sdid, inolndes 135° of an imponderable body which 
is called catorie. These 186° are so thoronghly concealed in 
the compound, I vras about to say the watery alloy, that the 
most deiicate thermisneter cannot detect ite existence. Hence 
tlien, caloric, which is not discoverable by our senses, and 
whidi cuinot be detected by the most delicate instruments, — 
in ^ort, latent heat, (or that is the name which has been be- 
stowed upon it, forma one of the constitoent principles of 



The conqtarison of bcnling water, that is to sf^ of water at 
913°, with the steam which iaaoes from it, and whoee tenk- 
pwNwi iialM31^*lMditoMulogottifi«d«i»lrat vwft 
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mnch grander scale. At the moment that steam, at the tem- 
perature of 212°, is prodaced, the water, at the same tempou- 
tore of 212°, impregnates itself, — under the form oflataU ca- 
loric, — under a form quite insensible to the thermometer, — 
with an enormous quantity of heat Again, when the steam 
reasBumes the liquid state, this caloric of compoettioD is disen- 
gaged, and goes to heat every thing in its way which is sus- 
ceptible of absorbing it If, for example, we were to cause 
two pounds of steam at 212° to pass throng^ ten pounds of 
water at the freezing point, the steam would be [wholly lique- 
fied, and the twelve pounds which would result irom the mix- 
ture wonld be found at the temperature of 212°. Into the 
intimate composition of two pounds <^ steam, there enters 
therefore a quantity of latent caloric sufficient to raise two 
pounds of water, whose evaporation is prevented, from the 
freezing point to the height of 995° Fahr. This result will 
without doubt ^pear enormous, but it is quite certain. Steam 
ensts only upon this condition. Wherever two pounds of 
wat«r at the frvezing point are ev^torated, whether naturally 
or artificially, in undergoing the transformation, they most 
seise upon, and in fret do seize upon, 995° of caloric derived 
from surrounding objects. This number of degrees (for it 
cannot be too t^ten repeated), the steam entirely restores to 
the Bur&ces of whatever nature, upon which the condensation 
is ulteriorly effected. And here, we may remark in passing, 
is the whole secret connected with the art of heating by steam. 
That individual would have a very erroneous idea of this in- 
genious contrivance, who supposed that the steam conveyed 
to a distance in the tubes in which it circulates, nothing more 
than sensible or thermometric heat The diief effects are, 
beyond all doubt, owing to the caloric of composition— the 
liidden or latent heat — ^which is disengaged at the moment 
when the contact of the cold surfaces converts the vqiottr fr'om 
the gaseous into tiie liquid state. We must therefore rank 
caloric among the constituent principles of steam. Caloric 
is obtained only by the combustion of wood, coal, &c. Steam 
therefore has a commercial value superior to that of the 
liquid, by the whole price of the combustible employed in the 
proGCBB «f vaportzKtion. If the difference of these two vahiea 

|..:n ......CtOO^IC 
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be very great, it is to be attribated mainly to the latent 
caloric ; the tfaermometric and fienable heat forms but a small 
portion of it. 

I shall probably hare occasion, in the sequel, to return to 
some of the other properties of steam. If I do not insist 
npon them at present, it assoredly is not because I attributo 
to this assembly the state of mind of certain students, who one 
day observed to their mathematical professor, " Why are yon 
taking all this trouble to demonstrate these theorems *. We 
repose entire confidence in you ; ^ve ns only your word of 
honour, and that will suffice." But I feel anuoua not to 
abuse your patience ; and I ought also to remember that, by 
referring to particnlar treatises, you will readily supply the 
omissions which I shall find it impossible to avoid. 

Let ufi DOW endeavour to asagn the share of merit idiich is 
due to the several nations and individuals who shonld be enu- 
merated in the history of the steam-engine, and trace the 
chronological series of improvements which this machine has 
nndergone, fi-om its first rude conceptions, now somewhat an- 
tiquated, down to the discoveries of Watt. I approach this 
iaquiry with the firm determination of being impartial, — with 
the most earnest solicitude to bestow oa every improver the 
credit which is his due, — and with the fullest conviction that 
I am a stranger to every consideration unworthy of the com- 
mission you have conferred vtpaa me, or beneath the dignity 
of science, originating in national prejudices. I declare, on 
the other hand, that 1 esteem very lightly the innumerable 
decisions which have already emanated from such prejudiced 
sources ; and Qiat I care, if possible, still less for the bitter 
criticisms which undoubtedly awtut me, for the past is but the 
mirror of the future. 

A queation well propounded u haif anawered, K this sen- 
timent, 60 full of truth, had always been kept in mind, the 
disoussionsconceming the invention of the steam-en^ue would 
assuredly never have presented that character of acrimony 
and violence which has hitherto been stamped upon them. 
By seeking to discover a stngle inventor, where it was neces- 
sary to recf^nise many, we have been " in endless mazes lost." 
The watchmaker who is most deeply versed in the history of his 
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art, wonld renuia dumb beftra the man who would ask him 
in general terms, who wag the inrentor of tim watdi. The 
qnestioQ, on the contrary, wonld occaaon him hot iit^ em- 
barrassment, if directed separately to the spring, to the differ- 
ent forms of the escapement, to the balance wheel, &c So 
it is with the steam-engine : it now exhibits the realisation of 
Tarious capital but wholly distinct ideas, which conld not have 
emanated ftt)m the same source, and of which it is now oar 
daty to search carefully fi>r the ori^ and the date. 

If to have employed steam in any way iriiatever confers a 
right, as has been pretended, to figure in this history, we 
must cite the Arabians in the first rank, since, from time 
immemorial, their principal food, the pudding, which they 
call coutanuioHy is boiled by the action of steam in drainers 
placed upon their rude pots. Sw^l a oondnsion shews only 
the absurdity of the principle from which it is deduced. 

Our compatriot Gerbert, who afterwards wore the tr^le 
crown under the name of Silrester II., — had not he, it mi^ 
be inquired, a superior claim, when, in the ninth century, he 
made the cngan of the Rheims CaHiedral resound by means of 
steam P I think not For in the instmment of the future 
P(^e, I see nothing more than a current of steam substituted 
for the common current of air, so producing the mnmcal phe- 
nomena of the o^an pipes, but without accomplishing uiy 
mechanical effect prc^erly so called. 

I find the first example of motion produced by steam in a 
toy much more ancient than the wgan of Gerboi, viz. in the 
£ol^yle of Hero of Alexandria, the date of which ascends to 
120 years before our era. It will perhaps be difficulty without 
the help of figures, to give a dear OMiception tyf the mode in 
vridch this little piece of apparatus acts ; but I shall neverthe- 
lesB nudce the attempt When a gas eec(4>es in a given direc- 
tion frran the vessel which contains it, this vessel bas a ten- 
dency to move in a diametrically opposite directzon, owing to 
the force of the reaction. The recoil of a musket -Wbsa dis- 
charged is nothing m<xe than this. The gas produced by the 
infiammation of the saltpetre, charcoal, and sulphur, issues into 
the air in the direction of the bairel { that directkm proicmged 
badnrards, abuta at the Aaiddcr of Ab person wfco has dia- 
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diuf^ it, aod it is npon the sboolder therefore that the gun- 
stock B«ti with Tielence. To cha^e the direction «f the re- 
ooil, all that la necwsary is to change the direction in which 
the gw iaaoes. If the barrel, closed at its extremity, were 
^erced by a htteral opening at right angles to its direction 
aod borizontftl, it would be laterally and horizontally that the 
gas ^ the powder would escape, — ^it wotdd be at ri^t angles 
that the barrel wonld produce its recoil, — and it would be 
upon the arm, and not iqxm the shoulder, that it would be 
fUt In the former instance, the recoil <q>erat8s apon the in- 
divido^ who has fired the piece, from before backwards, with 
» tendency to throw him down ; in this latter instance, it 
would have a tendency to make him whirl round upon him- 
self Were we then to sttaoh the barrel, constantly and in a 
hwinrntal poution, to a moveable vertical axis, at the moment 
of being disohgi^ed it woold more or less change its direc- 
tion, and wonld cause that axis to revolve apon itaelf. Still 
maintaining the same arrangement ; suppose now, that the 
vertical rotative axis is hollow, but closed at its upper ex- 
Iremity, that it abuts at its \xmet extremity, like a sort of 
chimney in a Ixnler prodiuung steam, and that, moreover, 
there exists a free lateral conunnnication between the interior 
of the axis and the interior of the gnn-barrel, so that the 
steam, after having filled the axis, penetrates into the barrel, 
and issues from it at the side by its horizontal opening, — 
then this steam, in esci^ing, will act, except in the degree 
of its intensity, in the same maimer as the gas disengaged 
from the powder in the gun-barrel which was stopped at its 
extremity and pierced laterally ; only that, in this latter in- 
stance, we shall not have a simple shock merely, as happens in 
the violent and instantaneous explosion of the musket, but, 
on the contrary, the rotatory motion will be uniform and con- 
tinuous, as the cause which produces it : and finally, were we, 
instead of having a single mnsket, or rather a ringle horizon- 
tal pipe, to adapt a number of them to a rotatory vertical 
tube, then we should have before us, with some unessential 
difFwMicea, the ingenious apparatus of Hero of Alexandria. 

Hoe then, b^ond doubt, is a machine in which steam pro- 
duces motion, and may cause mechanical effects of sonw im- 
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portance ; in fact, it is a tme st«am-eiigiiie. It ie soaroely, 
bowever, necessary to add, that it has no real resemblanoe, 
either as regards form, or the mode of action of the i&oviiig 
force, to the machines which are now in use. Were, how- 
ever, the reaction of a current of steam ever to become prac- 
tically useful, it would unquestionably be right to trace the 
idea back as far as Hero ; at the present day, the rotatory 
Eolipyle can be introduced here, only as wood-engraving is 
mentioned in the history of printing.* 

In the steam-engines of our manufactories, our steam- 
vessels, and railroads,. tlie motion is the immediate result (^ 
the elasticity of the steam. Hence we must inquire where 
and how the idea of this power took its origin. 

The Greeks and Romans were not ignorant that steam 
nugfat acquire a prodi^ous mechanical power ; for they ex- 
pluned, with the help of the sudden vaporization of a certain 
quantity o£ water, those &i^tful earthquakes which in a few 
miHnentH force the ocean from its wonted bed, ovwtum to 
their foundations the most solid monuments of huBua indus- 
try, suddenly produce considerable islands in tlie midst of 
deep seas, and uplift high mountuna in the centre of ctm- 
tinents. 

Though the contrary has been asserted, it does not appear 
that this theory of earthquakes presupposes that tliose who 
were its authors had engaged in any calculations, experiments, 
or exact measurements. Every one at the present day, knows 
the fact, that if at the moment a boiling metal enters into the 
earthy or plaster moulds of the founder, but a few drops of 
liquid be enclosed in the moulds, the most dangerous explosions 
follow. Notwithstanding the progress of science, founders oven 



' l^iese remarka apply likewise to the project which Bnnca, an Italian 
BTohitect, pablithed at Borne in the fear 1639, in a work entitled Tta Ma- 
dmu, and which con«ist«l in prodndng a moTement of rotation by directing 
the steam issuing from an eolipyle, nnder theformof ablut or wind, npon 
the wingleti of a wheeL If, contrary to all probability, ateam ahonld ever 
be employed in the form of a direct blast, Bmuca, or the now unknown 
aathor from whom he borrowed this idea, wonld take tite first place in the 
history of thia new kind of machines. Aa it req>ecta thoae at preaent in 
use, the clwma of Branca are absolntely null. 
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now a-days do not alwajrs tetstept theae accidents ; and we have 
no reason to sappoee that the ancients were &ee from them. 
While casting, then, their innumer^le statues, the splendid 
ornaments of theirtemples and public resorts, of their gardens 
and priTste mansions at Athens and at Roine, many acci- 
dents most have occurred ; the artists themselves most have 
discovered the immediate cause ; vrhilst the philosophers on 
their part, following tliat tendency to generalization iriiich 
was the characteristic feature of their schools, would here be- 
hold in miniature a true im^^ of the eruptions of Etna. 
Now, all this might be true widioat having the slightest rela- 
tion to the history vrith which we are now engaged ; and I 
would not even so far have innsted upon these slight traces 
of the science of the ancients retarding the power of steam, 
were it not that I might live at peace with the Daciers of both 
sexes, and with the Duteos of oar own day.* 

Powers, whether natural or artificial, previous to becoming 
really nsefol to mankind, have ahnoet always wrought wtmdera 
in support of superstition ; and steam has been no exception 
to this general rule. 

Clironiclerg have infivmed us, that upon the banks of the 
Weser, the god of the ancient Teutonic race manifested his 
displeasure by a kind of thunderbolt, to which, immediately 
afterwards, succeeded a ckrad that filled the sacred encloenre. 
The image of the god Busterich, discovered, it is said, in 
some excavations, clearly demonstrated the mode in which 

* Infloenced bj the ume motiTe, I can Bcaroelj avoid mentioning here 
an anecdote, which, beddea ita romantic ofaaraeter, and ila ineonaiiitencj 
with what we mow know of the mode of the action of itewn, shewa ua also 
the high idea which the ancients entertained of the power of this mechani- 
cal agent. It ia stated tlut Anthemins, the architect of Jaatinimu, had a 
dwelling contignons to that of Zeno, and that, to anno; the orator, who 
waa hia declared foe, he placed beneath thegionnd-floor of hiaown home a 
anmber of great caldrons, which he Slled with wMer ; that from an open- 
ing made in the lid of each id theae, prooeedad a flexible tnbe, which was 
directed into the partition wall, nnder the beams that nipported the oeil- 
iugs ef Zeno'a nunnon ; and finallj, that these ceilings setoally shook aa 
if from a violent eorthqoake when firea wsra lit beneath the caldruia. 

TOL. XXVIl. MO. LIT.— OCTOBBB 1839' R 
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this prodigy was produced. The god was made of metaL 
The hollow bead coDtamed water to the amoant of an amphora, 
plugs of wood closed the month and aaothw opening situated 
under the ftnrehead, and combostibles suitably placed in a 
canty of the cranium gradually heated the liquid. Speedily 
tlie steam generated caused the plugs to spring with a loud 
report, and tbeu escaped with Tiolence, forming a thick cloud 
, between the god and bis astonished worshippers. It appears 
abo, that, in the middle ages, the monies found this to be a very 
valuable inventiou, and that the head of Busterich has p^ 
formed before other assemblies besides those of the benighted 
Teutones.* 

After these £Eunt glimmerings of the Greek philoeophers, 
we must pass over an interval of nearly twenty ceotariee, 
before we meet widi any useful notions concemiDg the pro- 
perties of steam. From that time onwards, experiments, pre- 
cise, conclusive, and iiresistible, take the place of mere idle 
conjectures. 

In the year 1605, Florence Rivault, a gentleman of the bed- 
chamber to Henri IV., and the preceptor of Louis XIIL, dis- 
covered that an iron-ball, or bomb, with very thick walls, 
and filled with water, exploded sooner w later when thrown 
into the fire, if it» momth mere cloted, or, in other words, if yoa 
prevented the free esc^e of the steam as it was generated. 
7'he power of steam wss here demonstrated by a precise 
proof, which, to a certain point, was susceptible of numerical 
a])preciation,t whilst at the same time it revealed itself as a 
dreadfid means of destmction. 

* Htm of Alexandria Utribnted those Hmida, Uie objecU af so much 
eontrarenf, which the (tatae of Henuum produced when the rays of the 
riling son darted upon lt,l« the pesaage,throagli certain openings, of a cur- 
rent of steem, which the heat of the ran was thought to have prodnced, 
at the expense of the liquid, which the EgTptian priests placod, it wsa 
Mid, in the interior of the pedestal t£ the Coloteos. Solomon de Cans, 
Kiroher, and others, have gone so Air as to investigate the particQlar ar- 
rangements b^ means of which the priestly fraud was palmed npon the cre- 
dolons. It appears evident, however, that their eqlaoationa are emuie- 
OU8, i^ inifand, there i>iift<^ any thing of Uie sort requiring '*'plaTlati^^n■ 

t If some antiquanaii think that I have not gone book &r enough beoaase 
I esmmsBoe widi naranoe lUvault) aitd if, according to ttte statemeid of 
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Upon this last-nuned fact, eulightened miada irillnot dwell 
-with ftweboding melancfacdy. The; know well Uiat meobanl- 
cal powers, like hnman pasdons, will become useful or hart- 
fal according as ttiey are directed right w wrong. In the 
caae of steam, it iu fact requires <hi1j a very eomple ctni- 
trivance, to make avulable to productive labour, the iac 
midable elastic power which, aeoording to all appeanuute, 
shakes the earth to its centre, Burzoonds the art of the sta- 
tuar)L with imminent danger, and breaks into a thensaod 
pieces the etrongeet bombshell. 

In what state do we find this projectile prerioas to its ex- 
plosion ? The lower part contains water at a very bi{^ tem- 
perature, but $tilt Uquid, and its remaining portion is filled 
with steam. This, acowt^g to the characteristic law of all 
gases, ezM^nses its power equally in all directions ; it presses 
with equal intensity vfoa the water, and the metallio udes 
which contain it. Let as now place a stopoo<dc at the lower 
part of these sides,— on opening it, the water, forced by the 
steam, will issue forth with extreme velocity. If the stopcock 
was placed up<m a tube, which, after taking a bend round the 
oatade of the bomb, were then directed vertically from below 
upwards, the water would ascend in the tabe in the ratio of 
the elasticity of the steam ; or rather, Am: it is the same thing 
in other words, the water would rise according to the degree 
of temperature ; and this ascending movement would find its 
limits only in the strength of the apparatus. 

For this bomb let us now substitute a strong close boiler <^ 
large dimensions, and then there is nothing to prevent our 
forcing great masses of liquid to indefinite heists' by the sole 



Albert!, -wlio wTot« in 1411, he should infimn lu tlut, in the beginning of 
the fifteenth century, Ume-bumen were much klttrmed both for tfaeimelTea 
and their klliu, on aeconnt of the axploeioni which were produoad iriken tlw 
piecM of Umeatoae had a ca^tjr in th^ interior, I Mwwer, that AUtorti 
himself was ignorant of the real cause of these terrible e^oaiana ; that he 
attributed them to the tranaformation by flame of the air they contained 
I*to Utaiat. To tbia I add, that the explosion of a piece of limeitoue thna 
aooidentally hallow, eapplied no means of that numerical ralmilati<ffl| <f 
^^^thawperinxBtofBhwUn'MOTideattysiMcapBhU 
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actios of steam ; and we shall have constmcted, in every sense 
of the wcvd, a steam-engiDe whidi mi^t save the porpose of 
drainage. 

And DOW yon have been made acquainted with that inTOi- 
tion for which France and England have contended, as for- 
merly the seven cities of Greece respectively claimed the 
honoor of being the birthplace t^ Homer. On the other side 
of the Channel they have nnanimoosly ascribed the honoor of 
it to the Marquis of Worcester, of the illostrions bouse of So- 
merset. On this side, again, we m^ntun that it belongs to 
a humble engineer, almost forgotten by our iHc^rf^hers, 
namdy, Solomon de Caus, who was bom at Dieppe, or in its 
neighbourhood. Let us now cast an impartial glance upon the 
several claims of these two competitors. 
' Worcester, deeply implicated in the intrigues of the last 
years of the reign of the Stuarts, was shut up in the Tower 
of London. One day, according to the tradition, the lid of 
the pot in which his dinner was preparing was suddenly ele- 
vated. In prison what can one do but think P Worcester 
pondered upon the strai^^ phenomenon which be had wit- 
nessed. The idea then suggested itself, that the same force 
which had raised the cover, might beccoae, under certain cir- 
cumstances, a useful and convenient motive power. On re- 
covering his liberty, he published, in the year 166^ in a 
work entitled The Century of Inventions, the means by whidi 
he proposed to realize his e^ectations. These means, in all 
essential particalais, so far at least as they can be compre- 
hended, are, the bomb half filled with liquid, and the ascend- 
ing vertical tube which we have just described. 

This bomb and this same tube are described ia " La 
raiam tUt foreea mouvantea," the work of Solomon de Caus. 
There the idea is brought out distinctly, simply, and without 
any {U'etensions. There was nothing romantic in its origin, 
nor had it any connection either with the events of a civil war, 
or with a celebrated State-prison, or even with the sudden 
elevation of the pot-lid of an unfortunate prisoner ; but, what 
is (tf fiir more Importance in a question of priority, it is, ac 
cordiof to the 4ate of its pDbli«ition» fbrty-ei^t years ante- 
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rior to The Century of Inventions, and forty-one yearg before 
the imprisonment of Worcester. 

Thus, brought to a comparison of dates, the controversy 
seems to be terminated ; for who can maintain that the 
year 1615 did not precede the year 1663 ! But those whose 
principal aim seems to have been to remove every French name 
from this important chapter in the history of science, suddenly 
changed their ground as soon as La raison dei forcet mou- 
vantea was resuscitated from the dusty shelves in Which it had 
been long entombed. They, without hesitation, broke thdr 
former idol ; the Marquis of Worcester was sacrificed to 
the desire of annihilating the claims of Solomon de Cans, and 
the bomb placed upon a burning furnace, with its ascending 
tube, ceased altogether to be the true germ of our present 
steam-engine ! 

For my own part, I cannot allow that that individual accom> 
pUshed nothing that was useful, who, pouderiug upon the 
enormous power of steam, rused to a high temperature, was 
the first to perceive that it might serve to raise great masses 
of water to all ima^uable he^hts. I cannot admit that no 
gratitude is due to that en^eer who was the first also to de- 
scribe a machine which was capable of realizing such effects. 
It ought never to be forgotten, that we can only then cor- 
rectly judge of an invention, when we transport ourselves 
in thought to the time when it was proposed, and when 
we banish from onr minds all the knowledge which has been 
accumulated during the ages posterior to its date. Let us 
suppose some ancient mechanist, Archimedes, for example, 
consulted upon the means of elevating water contained in a 
vast close metallic receiver. He would have suggested great 
levers, pulleys, simple and compound, the windlass, and pro- 
bably his ingenious screw ; but what would have been his 
surprise if, for the solution of the problem, some one had con- 
tented himself with a fagot and a match P Who, then, can 
refuse the tJUe of an invention, to a contrivance at which the 
immortal author of the primary and true principles of statics 
and hydrostatics would have been astonished P This ^pa- 
ratoB of Solomcn de Cans, this dose metallic vessel, in which 

DcmizedbvGoOglc 



342 IL AngO's Bii^rapkieal Memoir of Jmu» Watt. 
a prodooed a moving pow«r tlmost indefimte, by means Bim- 
ply of a fagot and match, will always maintain a distingoiafaed 
place in the history of the eteam-engine.* 

It is exceedingly donbtfnl whether either Solomon de 
Cans or Worcester ever constmcted the Eq)paratu8 they pro- 
posed. This honour belongs to an Englishm&n, to Captwi 
Savery. I have no hesitation in associating the machine 
which this engineer constructed in the year 1698, with dioee 
of his two predecessors, although it most be added he intro- 
dooed some imp<Mtant modifications ; and among others, tliat 
of generating the steam in a separate vessel. If it signify 
little as to principle, whether the motive steam be produced 
fnun the water which is to be raised, and in the interior of 
the same boiler in which it is about to act, or, vdiether it be 
produced in a distinct vessel, whence it is at will to be con- 
. veyed by means of a communicating pipe and a stopcock, to 
the Bor&ce of the liquid proposed to be raised, it is very differ- 
mt in a practical point of view. Another and a still more 
impivtant change introduced by Captain Savory, will more 
^>pr(^riately find a place in the remarks we shall presently 
devote to the labours of Papin and Newcomen. 

* It lUH b«eo pnbliBhed to the world, Uut J. B. Porta in the jear 1606; in 
bii ^nritofi, nine or ten years before the pablication of SohuDOii de CauB'a 
work, gave a, description of a machine, the opention of which was intended 
to elerste water by moans of the elastic power of steam. I have ebewhare 
denooatnted that the learned Ne^iolitan did iKftwpvik,4itlnr iirtt&jor(M^ 
pwlljr, iffamif maekiae in the panage alladed to ; that hi« object — his only object 
— WM to determine experimentally the relative volumes of water tad steam ; 
that in the amsll apparatus he employed for this purpose, the steam ooold 
not eleTBte the liqnid, according to the anther's own account, above a few 
inches ; and that in the whole description of the experiment, then is not a 
single word that conveys the idea that Porta was aware of the power of 
this agent, or of the pooibitity of applying it to the production of a nseful 
working machine. 

Ag^ are there thoee who think that I ought to have named Porta on 
aocooDt simply of his reaeardiea concerning tha transformation of watw in- 
to steam I I saswer, that the phenomoM had been previoasly studied with 
attention by Profleasor Besson of Orleans, about die middle of the nxterath 
century, and that one of the works of tliis mechanician contains, in 1M9, 
an SM^ e^ressl J upon the detennination of the relative vshmM of steam 
aaiwalat. 
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Savery entitled hU work The IBuxri Friend ; but the 
miners seemed scaccelr to appreciate the importaot compli- 
ment lie paid them. With one solitary exception, none of 
them ordered his machines. They have only been employed 
in distributing water over the different parts of the palaces, of 
comitry booses, parks, and gardens, and they have not been 
used to raise water to a higher level than ten or fifteen yards. 
It ought also to be obeerred, that the danger of explosion 
would have been great, if the immense power had been em- 
ployed, which their inventor contended might be reached- 

Although the practical success of Savery was so far &om 
being satisfactory, yet the name of this engineer should ever 
hc^ a very distinguished place in the history of the steam* 
engine- Individuals, whose whole lives are devoted to labours 
of a speculative character, are little aware how vast is 
the interval between a plan, however ably and perfectly 
fixmed, and its realization. Not that 1 allege with a celebrat- 
ed German philosopher, that Nature alwayg excitUmo No ! No ! 
when we are about to raise any comer of the veil which 
covers her ; bat, prosecuting the metaphor, we may affirm, that 
the enterprise becomes so much the more difficult and deli- 
cate, that its success is so much the more doubtful, and that it 
requires both the concurrence of more numerous arUsts and 
the employment of a greater number of material elements. In 
aU these respects, and in reference to the epoch in which he 
lived* no one was placed in more unfavourable circumstances 
than was Savery. 

Hitherto we have spoken only of machines whose resem 
blance to the steam-engines of the present day may more or 
less be disputed. Now, however, we come to the considera- 
tion of the Modem Steata- Engine, which performs so import- 
ant a part in our manufactories and steam-vessels, and is 
essential in almost every pit and mine. We shall see it com- 
mence, enlaxge, and develop itself, at one time under the 
inspiration of some celebrated genius, and at pother, under 
the mere spur of necessity ; for " necessity is the mother of 
invention." 

The first name which we encoimter in this new period is 
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that of Denis P^io. It ia to Pfqiiii that France owes the 
honourable rank she may claim in the history of the steam- 
engine. The high satisfaction which his success in^ires is not 
however withont its alloy. The elums of oar countryman are 
to be found only in foreign archives ; he published his greatest 
works on the other side of the Rliine ; his liberty was threat- 
ened by the Revocation of the Edict'of Nantes ; and it was in 
melancholy exile that he for a time enjoyed that blesBing of 
which studious men are the most jealous, namely, tranquillity. 
Let us throw a veil upon these deplorable results of our civil 
discords, — let us forget that fanaticism attacked the religious 
opinions of the philosopher of Biois, and let us turn again to 
mechanics, in respect of whicli, at least, the orthodoxy of Papin 
has never been disputed. 

There are in every machine two things to be considered : 
These are, first the moving power ; and secondly the arrange- 
ment, more or less complicated, of the frame and moveableparts, 
by the aid of which the moving power transmits its action to the 
reastance. At the stage of perfection which mechanical science 
has now reached, the snceesa of a machine intended to produce 
great effects, depends chiefly upon the nature of the moving 
power, on the manner of its application, and on the manage- 
ment of its force. Now, we find that it was to the prodnction 
of an economical moving power, capable c^ efiecting the un- 
ceamng and powerful strokes of the piston of a large cylinder, 
that P^in consecrated his life. The procuring afterwards 
from the strokes oS the piston, the power requisite to turn the 
stones of a flour-mill, the rolls of a flatting-mill, the paddles 
of a steam-boat, the spindles of a cotton-mill ; or to uplift the 
massy hammer, which with oft-repeated stroke thunders upon 
the enormous masses of red-hot iron just taken from the 
blast-furnace ; to cut with great shears thick metal bars, as 
easily as you divide a ribband with your scissors ; these, I 
repeat, are problems of a very secondary order, and which 
would not embarrass the most common engineer. Hence, 
therefore, we may occupy ourselves ezcloEdvely with the me- 
thods by means of which Ptqun proposed to produce his oscilla- 
tory movement 
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Comseive a vide vertical cylinder open above, and repos- 
ing at its base upon a metal table pierced with a hole which 
a stopcock can at will shut and open. Let m now introduce 
into this cylinder a piston, that is to sa; a large and moreable 
cirenlar plate, which accnrately fits it The atmosphere will 
press with all its we^t npon the a[^r side of this kind of 
di^>hragm, and will tend to push it from above downwards. 
That part of the atmosphere again which fills the lower part of 
the cylinder, will tend, by its reaction, to produce the inverse 
movement. This second force vrill be eqnal to the former if 
the stopcock be open, fi)r gases press equally in all directions. 
The piston vrill thus find itself operated on by two opposing 
forces, which will produce an equilibrium. It will neverthc' 
less descend, but only in virtue of its own gravity. A slight 
counterpoise somewhat heavier than the piston, will suffice to 
draw it contrariwise to the top of the cylinder, and to keep it 
there. Suppose the piston arrived at this pointy we have 
now to seek for the means of making it forcibly descend, and 
then ascend a^n. 

Suppose that, after having shut the lower stopcock, we 
should succeed in annihilating suddenly all the ur contained 
in the cylinder, — in a word, in making a vacuum ; the piston 
receiving only the action of the external air, pressing from 
above, would rapUBy descend. This movement accomplished, 
we might then open the stopcock, the air would then enter 
from beneath, and would counterbalance the pressure of the 
atmosphere above the piston. As at the commencement, the 
counterpoise would now ruse the piston to the top of the 
cylindtf) and every portion of the apparatus would be found 
in its (niginal state. A second evacuation, or we may call it 
abstraction of the internal air, would make the piston again de- 
scend, and so on successiTely. The true moving power of (his 
machine would here be the weight of the atmosphere. And 
let no one sui^tose that because we walk and even run with 
facility through the air, tiie atmosphere must therefore be very 
feeble as a moving powOT. With a cylinder of two metres 
in diameter the pressure of the piston in descending — the 
weight it might raise ttirou^ont the iHiole he^bt of tha t^Iin- 
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der at each stroke, wwild be about 600 cwU This entunuous 
power,' frequently repeated, ma; be obtained hj meaas of a 
very simple apparatus, provided we could discover a method, 
at once prompt and economical, whereby we might produce 
and destroy at pleasure an atmoq>heric pressure in a metallic 
cylinder. 

This problem F^iin resolved. His beautiful and grejad 
solution consists in the substitution of an atmosphere of steam 
for the common atmosphere, — in the replacement of this latter 
by a vapour which, at the boiling p<Mnt, has precisely the same 
elastic force, but with this important advantage, of which the 
common atmosphere is deetitnte, viz., that the power of aque- 
ous vapour is enfeebled very rapidly when the temperature is 
lowered, and that it almost wholly dis^pears, if the refrige- 
ration be carried sufficiently far. I shall, therefore, adequately 
characterize the discovery of P^in, and in a few words, by 
saying, that he proposed to make a vacuum in large spaces by 
means of steam, and that his method is at once prompt and 
economical.* 

The machine in which our illustrious countryman was thus 
, the first to combine the elastic force of steam with the pro- 
perty which steam possesses of being annihilated by cold, he 
never executed on a large scale. His experiments were al- 
ways made on mere models. The water which was intended 
to produce the steam did not even occupy a distinct vessel : 
enclosed in the cylinder, it reposed upon the metallic plate 
which dosed it beneath. This plate Fapin heated directly, to 
transform the water into steam ; and it was from the same 
plate he removed the fire when he wished to efiiect the Jcon- 
densation. Such a process, barely tolerable when experi- 
ment is intended to verify the accuracy of a principle, would 



• An BngH>h engineer, deceived, no doabt, b^ an iucoiMct tmuUtion, 
atMrted, not long ago, that lli« idea of emplojrii^ steMU in one and the auue 
machine, as an elastic force, and oa a n^id meana of producing a vacuum, 
belonged to Hero. I have, howsTer, proved, bejond dUpnle, that the mo- 
chaniat of Alexandria never dreamed of steam ; and that in hia sppantns 
the altentatfl laovenient conld have reeolted enlj &om the £Iati«n and con- 
dentation tt air praoaading from tha intermiuant aai9a ^f th« aolar njt. 
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•ridently be altogetlier inadmissible, were the piston required 
to move with any degree of Telocity. Papin remarked, that 
the end might be obtained '* by different constnidioDS which 
mi^t readily be oonceived," bnt left the constructioDS en- 
tirely unexplained. He devolved upon his saccesscu-s both the 
merit of applying his pregnant conception, and that of dis- 
covering those details which alone can ensure the snccees of a 
machine. 

In onr earlier researches concerning the employment of 
steam, we have had occasion to cite the ancient philosophers 
of Greece and Rome ; one of the most celebrated mechanists 
of the school of Alexandria ; a Pope ; a coortier of Henry IV. ; 
and an engineer of Nm-mandy, that province so productive of 
great men, and which has (vnamented our national galaxy 
of talent, with a Malherbe and a Comeille, a Poussin and a 
Fontenelle, with Laplace and Fresnel : we have also had to 
quote an English nobleman ; a British en^neer ; and finally 
a French physician who was a member of the Royal Society of 
London, for we cannot but confess that Pt^in, almost always 
an exile, was nothing more than a corresponding member of 
our own Academy. Simple artdsans and more humble work- 
men are now about to enter the lists ; and so all classes of 
society will be found to have contribated their share to the 
production of a machine by which the whole world was to 
pn^t. 

In the year 1705, fifteen years after the publication of 
Fapin's firstmemoirin the Acts of Leipsic, Newcomenand Caw- 
ley, thd one an ironmonger, and the other a glazier in Dart- 
mouth, Devonshire, C(mstructed (and mark, I do not say pro- 
jected, which is a very different thing), I repeat, constmcted 
a machine, which was meant to raise water &om great depths, 
and in which there was a distinct vessel where the steam 
was generated. This machine, like the small model of Papin, 
consisted of a vertical metallic cylinder, shut at the bottom 
and open at the top, together with a piston, accurately fitted, 
and intended to traverse the whole length, both in ascending 
and descending. In the latter, as in the former apparatus 
also, when the steam was freely admitted into the lower part 
of the cylinder, so filling it, and coouterbalanidng the exter- 
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nftl atmoepheric pressure, the asceadiBg moTement df the 
piston was effected by means of a oonnterpoise. FinaUy, in 
the English machine, in imitation of Papin's, so soon as the 
piston reached the limit of its ascending stroke, the steam 
which had impelled it was refrigerated ; a Tacuam was thus 
produced throughout the whole space it had traversed, and 
the external atmosphere immediately forced it to descend. 

To produce the necessary cooling, Pi^in, as we hare already 
stated, did nothing more than remove the brasier which heated 
the bottom of his small metallic cylinder. Newcomen and 
Cawley introduced a process greatly preferable in every re- 
spect. They caused a large quantity of cold water to flow 
freely in an annular space formed between the external wall 
of the cylinder of then- machine, and a second cylinder, some- 
what larger, with which they surrounded it. The cold com- 
municated itself by d^prees to die whole thickness of &e metal, 
and finally reached the steam itself.* 

Pain's machine, thus perfected in so far as it regarded the 
method of cooling the steam, or of condensmg it, ezdted, in a 
high degree, Uie attention of mine proprietors. It was 
rapidly introduced into many counties of England, where it 
was of very considerable service. The want of rapidity in its 
movements, however — ^tbe necessary consequence of the slow- 
ness with which the vapour cooled, and so lost its elasticity, 
was, at the same time, the subject of great oomplaint Acci- 
dent happily indicated a very simple means of overcoming 
this inconvenience. 

At the commencement of the eighteenth century, the art of 
boring great metallic cylinders, and of closing them hermeti- 
cally by means of moveable pistons, waa as yet in its in£uicy. 
Moreover, in the early machines of Newcomen, the piston was 
covered by a sheet of water, which was intended to fill the 
spaces included between the circular contour of this move- 

* Saverj had proriousl^ had rscoime to % cnnent of cold 'water whidi he 
threw npon the extenul anrface of a metallic vessel, theceb; coDdetuing 
the gtsam which the vessel contained. Thi«, in lact, waa the origin of his 
connection with Newcomen and Cawley; bnt it ought not to be forgotten, 
that the patent of Saveiy, his machines, and the wwlc in which thej are 
deecribed, are all many ytm I»ter then die memoiifl of Pqdn 
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able portion and the internal Borface of the oylinder. To the 
very great snrprise of the makers, one of their machines one 
day oommenced wocldng witb most nnwonted speed. After 
mnnraxms obKrrations, it was ascertained tliat on that occasidn 
the piatOD had been pierced, and that the cold water had found 
its way directly into the cylinder in small drops, — ^tfaese, in 
travermng the steam, qoickly condensed it From this for- 
tnitons obeerration is dated the complete suppression of the ex- 
ternal refngeration, and the adoption of an injection \a produce 
a akower of cold water throu^out the whole cylinder at the . 
moment proper for the descent of the piston. The oscilla- 
tions thus acquired all the velocity that could be desired. 

And once more we must remark that, on a different ocoa- 
mou, an accidental circunstance seems to have had a share in 
an improrement equally important The first machine of New- 
oomea required the most unremitting attention on the part 
of the indindnal who unceasingly opened and closed cer- 
tain stopcocks, first for the introdaction of the steam into the 
cylinder, and then for injecting the cold shower for its con- 
densation. It hi^pened on one occasion that the person 
so employed was a boy named Henry Potter. His young 
companions at their sports, uttered cries of delight, which 
vexed hjjn beyond endurance. He was all impatience to join 
in their sport, but bis required duties did not allow him 
half a minute's absence. His anxiety excited his ingenuity, 
and led him to observe relations he had never before thoa^t 
of. Of the two stopcocks, the one required to be opened 
at the moment that the beam (^ich Newcomen first and 
so use^lly introduced into his machines) terminated the 
descending oscillation, and required to be closed precisely 
at the termination of the o^^wsite one. The management 
<^ the other stc^cock was precisely the reverse. The posi- 
tions, then, of the beam, and of the stopcocks, had a neces- 
sary dependence upon each other. Potter seized upon this 
fact ; he perceived that tiie beam might serve to impart to 
tiie other parts of the machine all the required movements ; 
and on the spur of the moment he realized his conceptions. 
He attached a number of ctH^ls to the stopcocks ; some to the 
one end of the baodle, and some to the other, and these he 
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attached to the most saitable parte of t^e beam, ho tiiat in ••• 
eendiiig it pulled one set of tlie c(h^, aiid in deaeending the 
other, and bo effectually, that all the work of his hand was 
entirely superseded. For the first time, the ateam^ngine 
went by itself ; and now do other wt^onan was seen near it 
bat the fireman, who from time to time fed the furnace under 
the boiler. 

Fcv the cords of young Potter, the engineers soon sabsti- 
toted ri^ Tertical rods, which were fixed to the beam, and 
armed widi small pegs which either pressed &om above down- 
wards, or from below npwwrdt, as required ; and thus turned 
the different stopcocks and valyes. These rods themseWee 
have since been replaced by other combinationfi ; but, how- 
ever humbling the avowal, all these expedients are nothing 
more than simple modifications of a contrivance suggested to 
a child by his desire to join in the gambols of his youthful 
compaDions. 

There exist in the muaeoms of the curious, a considerafal* 
number of machines from which industry had uitioipated 
great things, but which the expense of working and keeping 
them in order has rendered little more than mere olgects of 
curiosity. Such, in all probability, would have been the fate 
of Newcomen^s machine, at least in those districts which wer* 
not rich in fiiel, had not the labours of Watt, which I must 
DOW proceed to analyse, succeeded in conferring i^n them 
an unlooked-for perfection. This perfection must not be cmi- 
sidered as the result of some fcn^toDS obserration, or of 
any single inepiration of genius : the author effected it by 
means of most assiduous labotu*, and by inDumerable well 
conceived and very delicate experiments. We may well say 
that Watt took for his guide this celebrated maxim of Bacon, 
" To write, speak, meditate, vs act when we are not provided 
with/dc/f to direct our thoughts, is to navigate a coast full 
of dangers without a pilot, end to launch into the immensity 
of the ocean without either rudder or compass." 

There was in the museum of the University of Glasgow, a 
small model of one of Newcomen's steam-engines which could 
scarcely ever be made to work satisfactorily. Dr Anderson, 
the Pnrfassw of Natural Philosophy, ie<itMit«d Mr Watt to 
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T^air it, and under the able band of tbe artist all the defects 
of its oonstmction dimppeared, and from that time the «p- 
paratns a&Dnally performed its task in the claas-room, to the 
astonishment of the admiring papils. With this degree of sao- 
cess most men would have been satisfied. Not so Watt ; who, 
according to custom, here beheld an occasion for the gravest 
study. His researdies were saccessively directed to all the 
p<Hnt8 t^cb seemed capable of explaining the theory of the 
machine. He determinsd the extent to which the water dilated 
in passing btm. its liquid state into that of steam ; be calcu- 
lated tbe quantity of water which a given weight of coal could 
Ti^torize, — the quantity of steam, in wei^t, which each stroke 
of <Hie of Newc<mien''B machine of known dimensions expended, 
—the quantity of cold water which required to be injected into 
the cylinder to give the descending stroke of the piston a cer- 
bun force ; and finally, the elasticity of steam at different 
tempa*atures. All these investigations would have occupied 
the lifetime of a laborious philosopher, whilst Watt brought 
all his numerous and difficult researches to a conclusion, with- 
out allowing tliem to interfere with the labours of his work- 
shop. Dr Cleland wishing, not long ago, to shew me the 
house, near Port-Glasgow, whitber our associate retired, after 
quitting the shop, to follow out bis experiments, we found it 
pulled down. Our disappointment was great, but happily of 
rit(M>t continuance, for, witbin the sito on which it had stood, 
we found ten or a dosen vigorous workmen, who seemed oc- 
cupied in doing all honour to the cradle of modem steam-en- 
gines ; they were at work on boilers whose united dimensions 
certunly equalled those of the humble dwelling which then 
stood no more. In sach a spot, and in such circumstances, 
tiie most elegant mansion, the most superb monument, or the 
most perfect statue eould not have so much awakened the 
most interesting associations as these colossal caldrons ! 

If the properties of steam be still present in your recollec- 
tion, you will at once perceive that the economical play of 
Newcomen's machine seemed to require two irreconcilable 
conditions. When tbe piston descends, the cylinder must be 
vM ; if this be not the case, it encounters steam still highly 
•laatH^ irtueh mafih retanb it* pxagress, and diminishes th« 
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effect of the atmospheric pressure. Wheo, afterwards, Bteam 
at tbe temperature of 212° rushes into the same cylinder, if 
the parietes be cold, this steam in heating them is partJallj 
liquefied, and until the moment that their temperatare like- 
wise rises to 212% the elastici^ of the steam is decidedly 
diminished ; hence slowness of movement must be the result ; 
for the counterpoise does not nuse the piston till there exist 
within the cylinder a force which is ciqiable of counter- 
balancing the action of the atmosphere ; and hence also isr 
creased expense ; steam being very dear, as I have already ex- 
plained. No doubt will be entertuned of the great im- 
portance of this economical consideration, when I state that 
the Glasgow model at each stroke, used a volume of steam 
many times greater than that of the cylinder. The expense 
of the steam, or, which comes to the same thing, the expense 
of the combustible, or, in other words, the pecaniaiy cost in- 
dispensable for maintaiuiug the action of the machine, would 
be many times less if we coold succeed in doing away with 
the successive heatings and coolings, the inconveniences of 
which have just been described. 

Watt ia a very simple way resolved this apparently unsolv- 
able problem. AD he did was to add to the maohine, aa 
previously constructed, a vessel perfectly distinct from the 
cylinder, and communicating with it only by means of a 
narrow tube, supplied with a stopcock. This vessel, known 
by the name atthecondemer, istheobief of Watt's inventions; 
and, in spite of all my desire to be short, I cannot but explain 
its mode of action. 

If there exist a free communication between a cylinder 
filled with steam, and a vessel void of steam and air, the steam 
of the cylinder will pass in port and very rapidly into the 
vessel, and the current will not stop till the elasticity be the 
same throughout. Suppose, then, that with the help of an 
abundant and continual injection of water, the vessel be kept 
constantly cold throughout its whole capacity, the steaut 
wiU be condensed there bo soon as it enters ; — the whole of 
the steam with which the cylinder was originally filled will thus 
come to be suoocasively annihilated ; — ^the cylinder will tiius 
be freed of its steam without its eddes being in the dightest 
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degree cooled, and the new steam with which we may fill it, 
lose nothing of its elasticity. 

The condenser entirely absorbs the steam of the cylinder, on 
the one huid, because it contains cold water; and on the 
other, because the rest of its capacity contains no elastic fluid. 
But so soon as the first condensation of the steam is ef^eted^ 
these two conditions of its efficiency have disappeared ; the 
condensing water is heated by absorbing the latent caloric 
of the steam, and some vapour is formed from this hot water ; 
the cold water aJso contained atmospheric air, which, of com^e, 
was disengaged in the process of heating. If, then, after 
eveiy act of condensation, this hot water, and vapour and 
air, which the condenser contains, were not removed, it would, 
become inefficient. Watt accomplished this triple evacuation 
by means of a common air-pump, where a piston was conve- 
niently attached to the beam, and so was worked. The force 
required to keep the lur-pump in action, diminishes by so 
much the power of the machine ; but this forms but a small 
loss compared with what was sustained by the old method of 
condensing the steam, through the refrigerated sides of the 
cylinder. 

One word more, and the advantages of another invention of 
Watt will become manifest to aD. When the piston descends 
in Newcomen's machine, it is the atmosphere which pushes it. 
That atmosphere is cold, and must cool down the parietes of 
the metalUc cylinder, open at top, along which it successively 
moves throughout their whole extent. These side* of the 
cylinder can recover from this refrigeration, dm-ing the as- 
cending course of the piston, only at the expense of a oer- 
t^n quantity of steam. There exists no loss, however, of 
this sort, in the modified mffines of Watt ; the atmospheric 
action is wholly eliminated, and in the following manner. 
. The cylinder is closed at the top, by a metallic cover, which 
has an opening nicely fitted, so that the cylindrictJ piston- 
rod moves freely in it, without allowing the slightest pas- 
81^ to tur or steam. The piston thus divides the cylinder 
into two chambers which are distinct from each other and 
perfectly closed ; when it is about to descend, the steam 
from the boiler readily reaches the apper chamber through a 

vot, xxvu. NO. uv.-*octoiSs 1839. * >l^' 
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tab* property [daoed, and forces it downwards, as did tlte 
atmosphere in the machine of Newoomen. Thb moTement 
meets with no obstacle, provided that, during the period of its 
exeoattoo, the lower part of the cylinder alone be in commu- 
nication with the oondeaser, whither all the lower steam nubes 
and is liquefied. So soon as the piston has quite descended, 
the simple taming of a stopoook, makes the two parts of the 
cylinder situated above and below the piston communicate,* — 
these two spaces are filled with steam of the same degree of 
elasticity, the piston is then put in equilibrium, and reascends 
to the top of the cylinder, as in Newoomea'a atmospheric ma- 
chine, by the mere action of a counterpoise. 

In proseouting his researches as to the means of eoonomix- 
ing steam, Watt reduced almost to nothing, the loss whioh 
resulted from the cooling down of the outside of the cylinder 
in which the piston played. For efiecting this object, he eo- 
cloaed the metallic cylinder in a wooden one somewhat laiger, 
and filled the space between them with steam. 

Thus, then, was the steam-engine completed. The improve- 
ments it received from Watt are evident, and of their im- 
mense utility, there cannot be a doubt. You will, therefore, aa- 
tioipate, that it would immediately displace, aa a draining i^ipa^ 
ratUB, the comparatively niinone machines of Newcomen. Thia, 
however, was tar from being the case. The author of a disott- 
vciy baa always to contend with those whose interests maybe 
aireoted, with the obstinate partisans of whatever is ancient, 
aii .1 finally, with those who are jealoue, — and these three nlnnfi™ 
uiltedform (must we confess it !) the great majority of the pub- 
lic. Yet, to avoid a paradoxical result, I leave out of my oalcu- 
lation all those who had double motives. It is time alone that 
can disunite and scatter this phalanx of opponents. Nor will 
time alone do it. They must be energetically and unceasiD^y 
attacked ; and the means used must be varied, as is done by 
the chemist whom experience has taught that the complete eo- 
lati<»i of oertiun compounds requires the successive employ- 
moit of several acids. The strength of character and firm- 

* Hm coBUBtmiMticni with tha oMtdmaar mMt M tha mom Umu b« «U 
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uess of purpose, whioh, io the long nm, defeat the most wiljr 
intrigues, are seldom united with ao inveotive genina. Watt, 
were it necessary, might be quoted afi a conTincing proof of 
the fact. His grand invention and most fdioitous oonoeption, 
that steam might be condensed in a vessel quite separated 
from the cylinder in which the meohanioal action is going for- 
ward, was completed in the yearl765 ; and in two years, soaroelj 
any progress was made to try its applicability upon the great 
Male. At length, however, hie friends put him in conmjunioar 
tion with Dr Roebuck, the founder of the great establishment 
at CarroD, so celebrated even at the present time. The «k- 
gineer and the projector now associated themselves together, 
Watt yielding to him two-thirds of his patent. A machine 
was speedily constructed upon the new principles ; it oonfirmed 
all tJhe anticipations of theory ; its success was complete, al- 
though, in the mean time, Dr Roebuck's fortune was injured. 
The invention of Watt would, without doubt, have repaired it ; 
all that was required, was to spfdy to money lenders ; but oar 
brother associate thought it more simple to renounce his dis- 
oov«y, and to change his career. In the year 1767, when Mr 
Smeaton was executing the surveys and levellings between the 
rivers Forth and Clyde, preparatory to those gigantic worlu 
whioh were about to bo executed in this part of Scotland, we 
find Watt conducting analogous operations along a rival line. 
Still later, he Aimished a plan for the Mookland Canal, and ex- 
ecuted it. Many projects of a similar kind, oontinned to occupy 
the attention of our associate till the close of the year 1773. 
Among these, we may mention the Oriuan CaniU, whidi was 
sabsequently formed by Mr Rennie ; also improvements in the 
faarbonqs of Ayr, Port-Glasgow, and Greenock ;* the building 
of bridges at Hamilton and Rntberglen ; and the surveying the 
district of the celebrated Caledonian Canal, upon which he made 
a report, with plans and sections, subsequently referred to by 
Mr Telford. Without de|H-eoiatiDg the importoooe of these 
labours I may still be permitted to add, that their interest 

* We taaf also maotuni (he deepening thu rivw Cl^e ; the improring 
Uia mvigalion of the Forth and Davon, and the Water of Leven ; the mitk- 
iii( a canal &om Alachiihanuh Bay to Campbeltown, and another be- 
tween tlie gnnd caoal and Qm buboor of Bgnowatowoaeei.— Esir. ^ 
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was only of a local character ; and that for their oonoeption, 
superinteodence, and conduct, there was no need of calling in 
the asmstance of Jamea Watt. 

Were I now for an instant to forget my dntiee at the orgui of 
the Academy, and to aim at producing a nnile rather than in- 
wsting upon important tmtha, the fact before ub would rai^ly 
the materials of a striking oontrast. I might adduce not 
a few autiiors, who, at our weekly meetings, are wont to de- 
mand,, with all th«r heart and might, leave to oommnnicate 
the solitary remark, the trifling reflection, the hasty note 
which was conceived and written the previous evening. I 
might represent them cursing their destiny, when our laws, 
or the priority of another^! oommnnication, postponed thdr 
paper for a week ; although they have the guarantee of the 
pajaet caehoi being deponted in our archives. On the other 
hand we see the great inventor of a machine destined to con- 
stitute an epoch in the annals of the world, submit, without a 
murmur, to the stupid negiect of capitalists, and apply his su- 
perior genius for eight years, to the preparation of plans, to the 
making of snrveys, to troublesome calculations of levelling, 
and to measurements of masonry. How strikingly does thia 
exhibit the serene character, the subdued ambition, and the 
true modesty of Watt But, indifference such as this, how- 
ever noble its oanses, was not devoid of blame. It is not 
without reason that society stamps with its reprobation, those 
v^o withdraw from circulation the gold hoarded in thor 
coffers. And is that individual less culpable «^o deprives his 
country, his fellow-citizens, and the age in which he lives, (^ the 
treasures a thonsand>fold more valuable, which are the products 
of the nund ; iriio retains for himself alone tibose inunortal dis- 
coveries, the sources of the noblest and purest deligh^ ^ ^^ 
soul ; and who does not bestow on the artisan, mechanical con- 
farivances which may indefinitdy multiply the products of indus- 
try, which may diminish, to the profit of (wvilization and hu- 
manity, the effects of the ineqn^itiea of our lot, and which 
may en long afifoid us the satisfaction of visiting the humblest 
dwellings, without discovering tile heart-rending spectacle of 
fathers of families, and wrstohed diildren of both sexes, tarn- 
milatad to the bmtai, ftnd hurrjnhg prematurdl]^ to tli0 t(ml» f 
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Towarda the commencement of the year 1774 (after wh^ 
we mntt call the indifference of Watt was overcome), he form- 
ed a oomieotion with Mr Boulton of Soho, near Birmingham, 
a j;entlemaa eqnally diatinguislied by his knowledge of the 
arts and hia enterprising spirit.* The two friends applied to 
Parliament for prolongation of the privilege for Mr Watt's 
patent was dated in the year 1769i and had only a few years 
to run. The introduction of the bill gave rise to an animated 
diacnasion. The celebrated mechanist thns writea to bta aged 
father, in a letter, dated London, May 8. 1775. " After 
a aeries of violent and various opposition, I have at last 
got an act of Parliament The afiur has been attended 
with great expense and anxiety, and without many friends 
of great interest, I should never have been able to have oai^ 
ried it throngh, aa many of the most powerful people in the 



* In the note withwMchlieaccainpMiied the Uat edition of FrofeesorBobi- 
900*8 Bbmj od the Steom-eugine, Watt ezpreiaed himBclf in the following 
terms cooceming Ur Boulton. " Our friendehipcontinned undiminished to 
the close of hiB life. As a metnorial due to that friendship, I avail myself of 
this,probahly my lost, opportunity of stating, that to his friendly encanrsg;e- 
ment, bis partiality for scientific impnyvements, and his ready •pplicaticn 
of thMD to the processes of tuH, to his intinMle knowledge of bunneas and 
mannfitctnrea, and to his oKlended viewi and liberal spirit of ontetprise, 
must, in great measure, be ascribed -whatever success has attended my 
exertions." 

Hr Bonltcm's maanflKtory at Soho had existed foe sii\tx»X ye«is preTioas 
to the asMeiation spoken of in the test This establishmeiLt, the first upon 
so great a scale which e^rung up in Eoglaod, is still quoted for the elegance 
of its architecture. There were hne mannfactured all kinds of first-rale 
articles in steel, plate-metal, silver, and or-molu, bb also astronomical 
clocks, and punted glass. Daring the last twenty years of hia life, Mr 
Boulton was occupied with improvemsnts in the fabrication of the coinage. 
By the combination of some processes, which originated in France, with 
new presses, and an ingenious application of the steam-engine, he unit- 
ed an extraordinary rapidity with perfection of execution. Hence Hr 
Bonlton, at the order of the Bngliah Qovemment, recast all the oa^ipsr- 
inoney of the United Kingdmn. ' The eeonomy and distinctness of this 
fio^gions nndertaking, rendered counterfeits almost impossible. The 
nunuioua executions with which the towns of London and Birmingham 
used aunnally to be distressed, ceased. It was on this occasion that Dr 
Darwin exclaimed in his "BotaNte 6aridn>,'"'if adviocmw&WM giim ill 
Btne for prestrving the lift «f ooe <»tiiMi, Ur Boulton shoald be eome^ 
'■^UigW'laadstifealt.'' Bit Boultgn died in theyeat 160»,ftttheagBotBI. 
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House of Coididoiib opposed itr."* I was curious to learn 
to what olaea of society those membere of Parliament bo- 
longed, to whom Mr Watt alludes, and who refused to the man 
of genius a small inaction of that wealth which he was abont 
to create. Conceive my surprise, when I learned that at their 
head stood the celebrated Burke ! Is it then the fact, that a 
man may be given to profound thought, may possess exten- 
sive knowledge and sterling honesty, be pre-eminently endowed 
with oratorical talents to move and carry along with him poli- 
tical assemblies, and yet be wanting in plain conimoB sense ? 
Since the unportant and wise improvements which Lord 
Brougham has introduced into the law of patents, inventors 
will not be subjected to that long series of amioyanoes to which 
Mr Watt was exposed. 

So soon as Parliament renewed Mr Watt'Bpatent,for a period 
of twenty-fiv9years, he and Mr Boulton together, commenced at 
Soho, those establishments which have proved the most useful 
school of practical mechanics for the whole of England. They 
speedily commenced the construction of draining pumps of the 
largest dimensions, and repeated experiments demonstrated, 
that, in the production of equal effects, there was a reduc- 
tion of three-fourths of the expense of the fuel consumed by 
those of Newcomen. From that moment the new engines 
spread over all the mining districts, and especially ComwalL 
Boulton and Watt received, as remuneration, the third part 
of the value of the coal which was saved by tJie use of each 
of their machines ; and we may judge of the commereial im- 
portance of the invention by the &ct, that, in the single mine 
of Chacewater, where three pumps were employed, the pro- 
prietors thought it worth their while to purchase the rights 
of the inventors, at the price of L.2500 per aanum for each 
engine. Thus, in a single establishment, the substitution of 
the eondenier, effected in fuel alone, a reduction in expense of 
more than L.7500 per annum. 

Men willingly consent to pay the rent of their dwellmg or 
their farm ; but this compliancy abandons them when they 
have to do uith an idea, however great the profit or advantage 
it may have proeured. Ideaa ! they exclaim, sorely they cost 
no labour and no tronble. Who, berides, they add, oan prove 



H. Arago'g Bu^rapMical Memoir tf Jamtt WmU. 360 
that in a ver; short time tli«y wonld not have occurred to all 
ttw world ! AooordJDg to .this reaaonio^, neither days nor 
months, nor yettn of priority, should oonfer the slightest priri- 
I^& These opinions, which there is now no occasion for my 
eritioising here, had, from mere repetition, aoqnired a sort of 
prescriptive establishment. Men of genius, and the manu- 
fa^mirtn of Heat, it seemed, ought to remain strangers to any 
thing like material enjoyments ; and their history, forsooth, 
should continue to resemble the legends of the martyrs. 

Whatever may be thought of notions like these, it is cer- 
tain that the Cornish miners continued, with augmenting re- 
pognanoe, to pay ftvm year to year the gratuity they owed 
to the Sobo engineers. They availed themselves of the first 
pretences which plagiarism afforded, to insist that their en- 
gagements were dissolved. The dispute was a serious one ; 
it might have compromised Mr Watt's social position ; and 
he therefore devoted much of his attention to tt, and became 
quite a lawyer. The circumstances of the long and expensive 
processes which Boulton and Watt had to carry on, and 
which they ultimately gained, do not merit particular remark ; 
but as we have just cited Burke among the opponents of the 
great mechanist, it seems just, on the other hand, to state that 
Roy, Mylne, Herschel, Seine, Kamsden, Kobison, Murdoch, 
Bennie, Gumming, More, and Southern, publicly and powerfully 
defended the rights of persecuted genius. It may not be useless 
to add, as a curious trait in the history of the hnman mind, that 
the advocates, who are sometimes accused of superfluity of 
words, reproached Watt, against whom they were leagued 
in great numbers, that he had invented nothing bat ideas. 
This sentiment drew upon them, in open court, that chastise- 
ment of Rous, " Away, gentlemen .' fret as you list agunst 
these mitan^ble combinations, as you call Mr 'V^att's ma- 
chines ; but know that these pretended abstract ideas could 
crush you like so many gnats, and dioot you ont of eight into 
tiie air.'' 

The persecutions to which a man of sensibility is exposed, 
where the strictest justice would lead him to expect the unani- 
mous expression of gratitude, rarely fail to disoouragd and 
sour his temper ; and the amiability of Watt did not witit- 

: Google 
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sUuid the tnaX, SBven long years of litigation ezated a 
feeling of vexstioD which soQietimefl manifested itself in bifc- 
ter terma " We faave been so beset with [Ja^^es," h« 
remarks, " that if I had not a very distinct recoHeoticw «€ 
, my doing it, their impudent assertions would lead me to donbt 
whether I was the author of any improvement on the steam- 
engme ; and the ill-will of those we have most essentiidly 
serred, leads them to canrass whether suob improvements hare 
not been highly prejudicial to the commonwealth." 

But, though much irritated, Watt did not suffer himself to be 
discouraged. At first, his maohines, like those of Newoomen, 
were nothing more than simple pumps, in othw words, umple 
means of raising water. In a few years, however, he trans- 
formed them into machines capable of producing all kinds of 
movements, and of indefinite power. Hia first step in this new 
career was the construction of the dwihle-acting engine. To 
understand the principle of tiluB ei^ne, we must refer to the 
modified rnadiine, already explained (p. 253). In it, as we have 
seen, the cylinder is closed ; the external air is excluded ; it is 
the pressure of steam, and not that of the atmosphere, which 
produces the descent of the pistou ; and finally, it is a umple 
counterpoise which produces the ascending movement, for at 
themoment the movement is effected, the steam being allowed 
to circulate freely between the upper part and the lower of the 
cylinder, presses the piston equally in tho two 0[^owte direc- 
tions. Hence, it will be cleariy perceived, that the tnod^led 
machvte, like that of Newcomen, has no real foroe except da- 
ring the descending stroke of the piston. 

A. very simple change will remedy this serious defect, and 
present us with the douMe-actinff etufine. In the eng^e known 
under this name, as in that which we designated the Modified 
Engine, the steam of the boiler, when required, passes in f^Iy 
above the piston, and depresses it without encountering any 
obstacle, beoause, at the moment, the lower part of the cylin- 
der is in direct communication with the condenser. This 
movement once accompUshed, and a certain stopcock being 
opened, the steam iasuing from the boiler now rushes nnder- 
neaih the piston only, and elevates it, whilst the upper steam 
triiich had produced the descending movement, passes off to 
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be Uqoefied in tbe condenser, with which it is now, io its turn; 
in &ee oomnmnioaticHi. The contrary movement of the stop- 
oocks replaces all the different parte in their firat state, bo 
soon M the piston is at the summit of its elevation ; and the 
same changes can be repeated indefinitely. The moving power 
here, it will be observed, is the steam exclusively ; and the 
machine, with an exception dependent upon the inequality of 
the weight of the piston, has the same power whether the 
piston ascends or descends. Hence, from its first invention, 
it was justly designated the Ihuble-ading Eti^ne. 

That he might render his new motive power of ready and 
oonv^iient appUcation, Mr Watt had to overcome additional 
diffionlties. He hod first to discover the. means of establish- 
ing a riffid eomimmieatioa between the inflexible piston-rod, 
whose stroke was perpendicular, and the beam whose move- 
ment was circular. The solution which he gave of this im- 
portant problem, is probably his most ingenious discovery. 

Those who have seen a steam-engine at work, have probably 
been stmck by the presence of a certain jointed parallelogram. 
At each double oscillation it opens and closes with the smooth- 
nesB, and I had almost said the graoefulnees, which so much- 
charms us in the movements of a consummate actor. Follow 
attentively with your eye the progress of these different trans- 
fonnations, and you will find them subjected to the most curi- 
ous geometrical eonditions. You will perceive that three of the 
angles of the parallelogram describe in space certain arcs of 
circles, vrtiilst tka/ourti — the ang^e which raises and depress^ 
the piston-rod, — moves very nearly in a straight line. The 
vast utility of this result, astonishes mechanicians still less 
iluui the sunplioity of the means by which Mr Watt obtained 

' The following are (he terms in whioh Mr Watt gwre ma accotmt of his 
first trikl of this jointed pBralldagmn :— " I liave myself bem much Bur- 
prided with the T^iularit/ of its action. When I raw it in movement for 
the itat time, it afforded me all the pleasure of a novelt]', and I had quite 
the feeling as if I hod been examining tk titratlion of anoOur," Hr Smeaton, 
who was a great admirer of Hr Watt's inventive powers, concdved, never- 
theless, that to confer dlrtcUf the movement! of rotation upon tiie axes, 
would never practically become cither useful or economioaL Be aain- 
laiucd also, that stoam-enginea would never drain ao efiectuillj as by di- 
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Pow«r, howeve^ it should be obeerred, is not tibe <Hily ele- 
netit of 8noe«8S in the laboora of indnstry. Regnlarity of 
action is of scarcely lees importance ; and what degree of re- 
gularity is to be expected from a moving power which is pro- 
cured from the fire, under tiie inflaence of the poker and 
shovel, luid supplied by coals of very different qaalities, under 
the inflaence, too, of workmen often far from intelligent, and 
almost always inattentive ! We should expect that the pro- 
■pelling steun would be sometimes superabundant; that hence 
it wo^d rush into the cylinder with the greater rapidity, ao 
making the piston work more rapidly according as the fire was 
more powerful; and from such causes great inequalities of 
moTemeot appear almost inevitable. But for all irregularities 
of this sort the genius of Watt provided a remedy. The 
valves through which the steam proceeds tram the boiler to 
enter into the cylinder, have a variable area. When the 
speed of the machine is aeoderated, these valves partially 
dose, hence the stcMii enters less freely, and the acceleration 
is arrested : and, on the contrary, when the movement re- 
laxes, then the apertures of the valves are increased. The 
mechanism which is necessary for effecting these different 
changes, connects the valves with an apparatus whose prino^le 
Mr Watt exhibited in the regulator of the sluices of cer- 
tain flovir-roills, and which he denominated the gowraar, but 
which is now commonly called the reffulator by cmtriJugai/oTve. 
Its efficacy is such, that a few years since there was to be seen 
at Manchester, in the cotton-mill of Mr Lees, a mechanist of 
great talent, a dock, which was set in motion by the steam- 
en^ne of the establishment, and which kept time, without 
any marked inferiority, with an ordinary clock of the common 
constraction. 

The regulator of Watt, and a skilfiil employment of fly- 

rectl; pumping out the water : he believBd tlutt this liquid thiu nbed to 
the necesiary height should then be thrown into the troughs, or poured upon 
At hoards of common hydraulic wheels. The antidpationa of Mt Smestoa 
hsve not in these respects been confirmed. Nerertholess, I trw, in die 
year 1834, in Mr Bonlton's estahtlshment at Soho, on old Meam-engine, 
which is still employed in mung water from a Urge pond, and thai tluov- 
jng kt upon tha backets of a large water-wheel, which was nsed when, in 
parljcnlarly dry seasons, the nsosl supply was >ot nrSoieBt. 
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'^mIb, oonstitnte the secrets tlie tnie secret, of the aiBtoaiah- 
ing peifeotitHi of the mannfBOtnres of our epoch. It is this 
which now-a-daye confers on the steam-engine a working move- 
ment which is wholly free from irregularity ; hence it can as 
easily embroider mtulin as forge anchors, — can weave the moat 
■delieate fabrios, as well as communicate a rapid movement to 
the ponderoiu stones of a flour-mill. This also explains how 
Mr Watt said, without fearing the reproach of exaggeration, 
that to avoid the intrusion of domestics, we might employ 
steam, and in oases of sickness could supply medicines through 
its silent agency. I am not ignorant that in popular estima- 
tion this gentleness of movement is supposed to be obtained 
at the expense of power. Bnt this is an error, and a gross 
one ; and the apophthegm " Much noise and little woric,'* is 
not only true in the moral worid, — it is also an axiom in me- 
ohanioe. 

A few words more, and we reach the termination of these 
technical details. Within these few years great advantage 
has been derived from not allowing a free communication 
between the boiler and cylinder, throughout the whole con- 
- tinnance of each stroke of the machine. This communication 
is accordingly intermpted when the piston has traversed, we 
shall say, a third of its oourse. The two remaining thirds of 
the stroke are thus accomplished in virtue of the pre-acquired 
velocity, and especially by the expansion of the steam. Now, 
Mr Watt had already Indicated this prdoedure.* Excel- 
lent judges place it, in point of economical importance, on a 
level with the condenser. It appears certain that since its 
adoption the ComiBh machines have yi^ed unlooked-for re- 
sults ; and that, with a bushel of coal, they reiJize the work 
of twenty men working for ten hours. Let us remember that 
in the coal districts a huahel of coal often does not cost nine- 
pmee, and it will be seen that Watt has established, that 

* The principte of the espoudon of Btevn, clearly indicated inaletterof 
Hr Watt's to Dr Small, dated in Majr 1769 (see the letter in Favafa Steam- 
Esgine, vol. i. p. 339), was pat in practice in the year 1776 at Soho, and in 
177S at the Shadrdl WaUr- Worla, Irom economical conaiderationa. The in- 
Tention, and the advantages which were expected from it, are full; described 
in the patent of 17S3. 
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orar a great put of Ei^tid, a man's hard day^a wotk—im 
work houn to the day — may be done for leas than a hatf- 
pMiny/ 

Sueli nutneriool valuations bo atrikin^y prove tiie importoaoe 
of the inventioiu of our learned assodato, that I cannot reaiat 
the temptation of giriog two other illoatrationa, both of whioli 
I borrow from Sir John Herachel, one of the most diatin- 
guiahed oorreapondenta of the Academy, The ascent of Mont 
Blanc, etarting from the valley of Ghamouni, is very jnatly 
considered as one of the hardest taska vYath it ia ponible 
for a man to execute in tho oooree of two days. Thna the 
maximum of the labour which we are capable of nndeigoing in 
twice twenty-four hours, may be measured by the transport of 



* At a time when so many people axe occupied witb projectR of mtatorj 
ateam-eDgioM, it would be anpardonable were I not to state tlut Watt had 
not onl; thought of them (of which we find proof in Us potemta), bnt hod 
actuimjr constructed them. Hr Watt subaequentlj abandoned them, not 
because they did not work, but becaoBO thef appeared to him decidedly in- 
terior in an economical point of view to machines of donble powers and 
rectilineal oscillations. 

There ar^ in fact, few inventions, great or small, among tboiM so *dmi- 
rMj combined in our present steam-enginea, which are not the deveti^ 
ineut of Bome of the original ideas of Watt. Examine his labours, and, is 
addition to the principal points minutely enumerated in the text, yon will 
find he proposed machines without condensation, in whidi, after haTing 
acted, the steam is dispersed in the air, and whidi wero intoided for locai. 
litios where Urge quautitiea of oold water could not readily be procured. 
The operation of the principle of expansion in machines with several cylin- 
dera was also one of the projects of the Soho engineer. He suggested the 
idea of pistons, wbioli should be perfectly steam-tight, although composed 
exclusirely of metaL It was Watt also who first bad reoonne to mennrial 
inanometetE for raeasuiiug the elastici^ of the steam in the boiler and the 
condenser, who conceived the idea of a simple and permanent gage by 
whose assistance might always be ascert^ned, with a glance of the eye, the 
level of the water in the boiler, and who, to prevent this level ever varying 
injurionsly, connected the movements of the feeding punqi with thoee of a 
float; and who, wben required, placed in an opening in the cover of 
the principal cylinder of the machine the indicator, a small ^iporatus so. 
constructed that it accurately exhibits the state of the steam, in relation to 
the position of the piston, ftc. &a. Did time permit, I could shew that Watt 
was net leas skilful and hapi^ in bis att«mpt8 to inpwe the b«»lers, to d> 
minish the loss of heat, and toconsume tboae torrents of black nuAewhicki 
issne from common chimneys, however elevated they may t>e. 
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the vdg^t of our body to the height of Moat Blone. This 
lllboar, or an equivalMit to it, u ezecated by a steani'eiigme 
with the coDSDinpt of two poaods of ooals. It ha£ thus be«n 
MWiUshed by Watt, that the diuly power of man doea not 
eseeed tiiat which ia contained in a poand of coal. Again, 
Btf odotna informs na, that the coostmotion of the Grand 
I^ramid of Egypt employed one hundred thousand men during 
the qtaee of twenty yeara. The pyramid is formed of lime- 
atone ; its Tohmie can eamly be oalouhited ; and henoe it is de- 
daoed tikat its wei^^t is about thirteui millions of millions of 
poonds. To elevate this we%ht to the height of one hmwlred 
and twenty-five feet En^iah, whioh ii the beif^t of the centre 
of granty of the pyramid, it would be necessary to consume 
mider Uw boiler of a steam-en^e 6S0 oholdtons of coal ; 
and I eoold name a foondery in Britain whioh oonsames a 
greater quantity every week. 

Cof^wg Pretr — Seating hjf Steam — 7%e Congtontton of Water — 
Bleaching by meant <^ Chlorine — Esg)eriment» itpon the Phytio- 
togicai Ejficti remUing from the Retpirattoti if vartout Goiet. 

Krminj^m, when Mr Watt went to establish himself at 
Soho, reckoned among the inhabitants of the neighbourhood, 
Priestley, whose name is umvereaUy known ; Borwio, the cele- 
Iffated author of the Zoonomia, and oS a poem, " The lovea of 
the Plants ;" Witherii^, a physician and distingnished bota- 
niat ; Keir, a chemist well known by the Notes of his tranala- 
tion of Macqner, and by an interesting mwnoir on the Crystal- 
lization of Glass ; Galton, to idiom we are indebted for an 
elementary treatise on Ornithology ; and Edgeworth, the au- 
thor of several esteemed worhs, and father of the celebratcil 
Maria Edgeworth. These scientific men speedily became the 
friends of the distinguished meohanist, and most of them 
united in f<»nning with bun and Mr BouHon, an association 
under the name of " The Lunar Society.'''' This fantastic title 
has given rise to various mistakes ; but it imported nothing 
more than that the night of meeting was that of the full moon, 
atima selected, in order that the members might oomfortaUy 
RHeh dieir serenl'domicihi. 

Ev^ meeting of the Lunar Society gave fi«ah ocoanoo, to 
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ramark the nnooaUnon f<w^ty of mv«ntk>n with whiob Wctt 
WM endowed. " I have thou^t," observed Dr Darwin on 
one oocanon, " of a kind of double pen, a pea with two p<»iiti, 
by which one might write the laiiie thing twice over at the 
same time, and tbiu snpply hinuelf at onoe with the oziginal 
and with a copy." " I hope," replied Watt, almost imme- 
diately, " to discover a better metiiod for aocomplidiing the 
same object. I will mature my ideas to night, and oommnni- 
oate them to you to-morrow." The Copying Prwt was in- 
vented the next day ; and even s small model was prepared, 
ready to shew its powers. This moat useful instrumeot, now 
BO generally adopted in all the offices and oooDting-rooms in 
England, has recently received some slight modifications, of 
which vaHous artists have assumed the credit to themselvea ; 
but I can truly aflirm, that the present form was described 
and delineated as early as the year 1780, in the patait of oor 
associate. 

Heating by meant of Steam was an invention three years 
later in time, which Mr Watt introdnoed into his own dwdling 
in 1783, We have no wish here to conceal, that this inge- 
nious method was previously described by Colonel Codte, in 
the Phtlosophioal Transactions for 1745 ;* but there it Im^ 
lay ova-looked and neglected. Mr Watt, however, had the 
sole merit of reviving it. He was the first to apply it ; and it 
was hia calculations upon the extent of surface necessary to be 
heated in rooms and edifices of different sizes, which served at 
the first as the basis of the plans of most English engineers. 

Had Watt, during his long career, done nothing more than 
introduce the separate condenser, the working steam expan- 
sively, and the jointed parallelf^ram, he would have oocuined 
one of the first places «an<Hig the small number of individoals 



• Bj the work of Mr Bobert 8tii»n, I find thftt Sir Hugh PUtte, pt«- 
viouH lo Colonel Cooke, bad foKaeen tke potdbilit; of apfilpng etoam to 
(he beating of ofiarUnMits. In the Gardta of Bdat of this author, pnbliahed 
in the year 1660, welind mention made of somethiiig of an tmalogxjus kind 
for preterviug planti dm-ing winter in greeahouBes. Sir Hugh Platte pro- 
posed to place coTers of tin, or of mnie other metal, upon the veneb thKt 
were used for cooking, and thus to connect pipe* to opening* in the eovwrn 
of these Ttte eW t hj wkioh the heated vtifat might be ouiied wbMWfW it 
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whoM life floiuitituteB an «pooh in the tumals of the world. It 
appears to me, howerer, that his name is also oonneoted m a 
distiDgaided maniwr with the greatest and most prolific dia- 
eoTory ni modeni chemistry, namely* the dueovery of tkt com- 
potittM of KOttr. My assertion to many may appear rash, 
inasmuoh as in the numerous works which hare professedly 
treated upon this capital point in the history of the Boiences, 
Watt ha* been forgotten. I trust, notwithstanding, that yon 
will be ready to follow my disoassion without prejudice ; tiiat 
you will not be diverted &om the inquiry by authorities who 
have taken the other side of the question, and who, after all, 
are less numerous than is genwuUy supposed ; that you wiU 
remember how few authors now-a-days go direct to the ori- 
ginal sources, how little disposed they are to enoonnter the 
moBty dust of our libraries, and, on the contrary, how mnoh 
easier it seems to them to live upon the erudition of ui- 
other, reducing the composition of a book to the simple la- 
bour of compilation. The warrant which I hf^d for your con- 
fidence seems to me more serious; I have examined numerous 
published memoirs, and the whole of a very voluminous au- 
theatio correspcmdeuce still in manuscript; and if I now 
come, after a lapse of fifty years, to claim for James Watt 
an honour which wa» too readily oonoeded to one of his most 
illustrious countrymen, it is because I consider it useful to de- 
monstrate, that, within the walls of our scientifio aasociatiotu, 
truth is BOCHier or later brought to light, and that, in the 
matter of discovery at least, there is no prescription. 

The four pretended elements of fire, air, earth, and water, 
whose various oombinationa were supposed to produce all 
known bodies, constitute one of the legacies of a brilliaot philo- 
sophy, which daided and misled the most noUe intelligenoee. 
Van Helmont was the first who shook, though but 8ligh%, one 
of the principles of this ancient theory, by calling the attention 
of chemists to several permanent elastic fluids or otn, which 
he called gtuti, whose properties differed from those of common 
(ur, or elemental air. The observations of Boyle and of 
Hooke created still graver difficulties, for they established 
tliat the common air, neoBMsry to respiraUon and ctanbns- 
tkn, undflifoes very rematkaMa chuges in Uie ooarw gf thaw 
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processM, aoA amh ohonges in He properties, as to imply thai 
it is a oompoaiv) body. The numerous observations of Hales ; 
the Bucoeeeivfl diaoorerieB of oarbonic a^nd gas by Blaok, and 
of hydrogen by Caraidish ; of nitrous acid, of oxygen, of mu- 
riatic and solidiurous acids, and of ammonia by Priestley, gave 
the finishing blow to the antiquated notion that air was simple 
and elemental, and dismissed it as one of the raah and almost 
always false conceptions, which proceed frran those who'have 
the hardihood to consider themselves called not to discover, 
but to divine, the footsteps of liatiire. 

In the midst of these remarkable discoveries, water bad al- 
ways maintained its character of an element The year 177Bi 
however,' vras dietingnished by one of those observations which 
necessarily led to the overturn of Ihis genial belief ; whilst, at 
the same time, we must avow, that from the same period are to 
be dated th^Me strange attempts which chemists for a long time 
made to resist the consequences which naturally flowed from 
thoir experiments. The observation to which I hero particu- 
lariy allude, was one of Macquer's. This judicious chemist 
having placed a white porcelain saucer over the flame of some 
hydrogen gas, which burned steadily as it issued from a bottle's 
mouth, observed that the flame vras not accompanied by any 
smoke properly so called, and that it deposited no soot. The 
portion of the saucer upon which the flame struck — or, to use 
his own words, which it lapped— vtis soon covered with very 
conspicuous drops of a liquid similar to water, and which, upon 
trial, was found to be pure water. Here, assuredly, was a sin- 
gular result, well worthy of attention : it was in the midst of 
Same, in that portion of the saucer, as Macqaer said, Upped 
by the flame, that watery drops were deposited ! This chemist, 
however, did not seize upon the fact ; — ^he was in no degree 
astonished at what was so wonderful ; he dmply states it, with- 
out the sligheet comment ; and fiuled to perceive that he had 
touched upon the veiy threshold of a grand discovery. 

In the sciences of observation, then, is genius to be redact 
to the mere capability of saying at the fitting moment, — WAy f 

In the physical worid, we oouuder as voloanos, mountains 
ndiitdL never have hod, more than a single eruption ; and in the 
inteDectaol worid, in like manner, there are men who, after one 



M. AngO's Mt^r^kical Memoir ^ Jamei iTatt. 360 
floffa of ^niaa, fox erar duappeared from . tbe hisbxy of 
scieD«e. Snch an one was WaritJre, whose truly remarlc- 
^le ezperimentB fall here in chronological order to be cited. 
At the beginning of the year 1781t this pbiloeopher conceived 
that an electric spark could not travenie certain gaseous mix- 
tures without inducing a change in them. An idea bo no* 
vel, which no previous analogy could have suggested, and of 
«^cb suob wondrous applications have since been made, in 
my apprehension, requires that all the historians of the science 
^onld render due honour to its author. Happily for him- 
■elf, he foresaw that an explouon would be a necessary conse- 
queooe ; and hence he made his first experiment in a metalbc 
vessel in which he had put a mixture of common ur and 
hydrogen. 

Cavendish speedily repeated the experiments of W&rltiro. 
The certain date (and by this term I mean inch an one as re- 
sults from a paper having been given in, a communication hav- 
ing been read in a scientifio society, or a treaUse having been 
printed), the certain date, I repeat, of this investigation is pre- 
vious to the month of April 1783 ; beowise Priestley tjnotes the 
observations of Oavendish in a memoir dated tbe 21st of that 
month. The citation, it should be noted, informs us only of a 
single particular, viz. that Cavendish bad obtained tttOer by 
the detonation of a mixture of oxygen and hydrogen, a result 
which Waritire had previously obtained. 

In his memoir of the month of April, Priestley added on 
important ciroumstanoe to tiiose resulting from the experi- 
ments of his predecessors : he proved that the weight of the 
water which is deposited upon tbe sides of the vessel, at the 
instant of the detonation of the oxygen and hydrogen, is pre- 
cisely the same as the weights <^ the two gases. 

Watt, to whom Priestley oommunicated this important result, 
immediately perceived, with tbe penetration of a superior man, 
that a proof was here afforded that water was not a simple body. 
" What," be writes to his illustrious friend, " are the products 
of your experiment t They are icater, ligM, and heat. Are we 
not, thence, authorized to oonolude that water is a compound of 
tbe two gases, oxygen and hydrogen, deprived of a portion of 
their latent or elementary lieat ; that oxygen is water deprived 
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of its hydrc^^en, but still united to ita latent heat and Ugfat ! 
If light be onlj a modifioation of heat, or a eimple oirounutaooe 
of its manifestation, or a oomponent part of hydrogen, oxygen 
gas will be water deprived of its hydrogen, but oombiaed with 
latent heat.*^ 

This passage, so olear, so precise, and logieal, is tak«i from 
a letter of Watt's, dated 26th April 1783. The lettw wa« 
oommanioated by Priestley to several of the seientifio men in 
London, and was transmitted immediately afterwards to Sir 
Joseph Banks, the President of the Boyal Soeiety, to be read 
at one of the meetiDgs of that learned body. Ciroumatanoes, 
which I suppress as being foreign to the present discussion, 
retarded the reading of the letter for about a year, but it re- 
m^ed the while in the archives of the Society. It appears in 
the 74th volume of the Transaotions, with its true date, April 
26. 1783. It is there to be found embodied in a letter from 
Watt to Deluo, bearing date 26th of .November 1783, and is 
diBtinguisfaed by inverted commas, supplied by the seoretuy 
of the Boyal Society. 1 ask not indulgence for tliis prolii- 
sion of details, because it is clear that the minute oomparietm 
of dates can alone bring the truth to light oonoeming a dis- 
coveiy which confers the highest honour upon the human in- 
ttillect. 

Among those who put in their claims to be the authors of 
tliis most pregnant disooveiy, we shall presently see ^tpear- 
in^ the two greatest ohemists of whtun Franoe and England 
cini boast. As every one will anticipate, I speak of Lavoisier 
ai.d Cavendish. The date of the public reading of the memoir 
in which Lavoisier gives an aocount of his experiments, whereby 
he explained his views upon the prodnction of water by the 
combustion of oxygen and hydrogen, is later by two months 
than the deposit of Watt's letter already idlnded to, in the 
archives of the Royal Society of London. 

The celebrated memoir of Cavendish, entitled " Experiments 
npon Air,'" is still later, being read on the 15th of Janoaty 
1784 It could not fail to be a matter of astonishment, that 
focts so weU aathentieated should become the subject of an 
animated controversy, were I not immediately to bring undo- 
notioe a (dreninstaaes to wbieh I hare noi hitherto aUaded. 

|..:n ......CtOO^IC 
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I<avoisier diatinotly states, in precise terms, that Mr Blagden, 
secretary of the Royal Society of London, was present at his 
first ezperimeDts on the 24th June 1783 ; and " that he told 
him that Cavendish, having previonsly endeavoured, in Lon- 
dwi, to bom hydrogen in close vessels, had obtained a sensible 
quantity of water." Cavendish, also, in his own memoir, al- 
ludes to Uie oommunioation made by Blagden to Lavoisier. 
Aeoording to him, it was more ample than the French chemist 
avows; and he states that the confidential communication em- 
braced the oonclusionB to which the experiments led ; in other 
vrords, the theory of the compomtion of water. Blagden also 
himself took part in the controversy ; and in Grell^s Journal, 
in the year 17B6, did what he conld to confirm the assertion 
of Cavendish. According to him, the experiments of the 
Parisian aoademician were only a simple verification of those 
of the En^ish chemist ; -and he assures us, that he announced 
to Lavoisier, that the water produced in London was of a 
wei^t precisely equal to that of the two consumed gases. 
Finally, Blagden adds : Lavoitier hat laid the truth, btitnotth« 
vskoU truth. This reproach is severe ; but, if it was deserved, 
shall I not materiaJly diminish its seventy, if I prove that, 
with the exception of Watt, all those whose names appear in 
this piece of history were more or less exposed to it ! 

Priestley reports in detail, and as hie own, the experiments 
from which it results that the water produced by the detona- 
tion of a mixture of oxygen and hydrogen, is of a weight pre- 
cisely equal to that of the two consumed gases. Cavendish, 
some time after, claims this conclusion as his property, and 
insinuates, that he had communicated it verbally to the che- 
mist of Birmingham. 

From this equality of weights, Cavendish deduces the conse- 
quence that water is not a simple body. In the first instanoe, 
he makes no mention whatever of a memoir deposited in the 
archives of the Boyal Society, and in which Watt developed 
the same theory. It is true that, when Cavendishes paper was 
printed, Watfs name is not omitted ; bnt it is not in the re- 
oords that the account of the labours of the celebrated en- 
gineer had been found : it is stated that the information was 
obtained from a paper recentiy read at a public meetmg. It 



272 M. Ango's Biographieal Memoir of JaUiet Watt. 
ia howeyer now* clearly established, that the p^ier retered to, 
was road many months rolwequent to the memoir in which 
Cavendish allades to it. 

^ Appearing upon this field of controversy, Blagden annomicee 
his firm determination to clear up and settle every thing. He 
does not flinch from any accusation, or from tiie citation of any 
date, so long as hia object is to insure for his protector and 
friend Cavendish, the priority in referance to the FrenA 
ehemist. So soon, however, as he takes up the question as 
between his own two countrymen, his flzplsnations become al- 
together vague and obscure. "During the sioing," he remarks, 
" of tie year 1783, Mr Cavendish shewed us that he bad neoes- 
sarily deduced from his experiments, the conclusion, that oxj^en 
is nothing else than water deprived <rf" its phlogiston (that ia 
to say, its hydrogen). Alxmt tk« stmt time, the news reaohed 
London, that Mr Watt of Birmm^iam had been led by some 
observations to a similar opinion.'' The expression. About As 
•ams time, to adopt Mr Bladen's own phrase, was not the wkoU 
tnth. About the tame time decides ncthmg. Questions of 
priority may depend upon months, weeks, days, or even mi- 
nutes. To be clear and precise, as he had promised, he ou^t 
to have told us if the verbal oonraiunication made by Cavwi- 
dish to several members of the Royal Society, preceded, or 
followed, the reception of the news of Watt's opinion. Is it 
conceivable that Blagden would have Ewled to be explicit upon 
a fact of such importance, if he could have cited an authentic 
date in favour of his friend ! 

To make the confhsion complete, even the oompontoiR, 
printers,andcorrectoraofthepreB8oftha Philosophic^ Trans- 
actions would appear to have taken part in the dispute. Many 
of the dates are there inaccurately given. In the separate co- 
pies of his memoir, which Cavendish himself distiibuted, I per- 
ceive a mistake of a whole year. By a sad fatality, for it is a 
real misfortune involuntarily to give occasion to grievous and 
unmerited suspicions, not one of these typographical errora 
was favourable to Watt ! Let it not be supposed that, by 
these remarks, I mean to inculpate the hterary honesty of the 
celebrated men whose names I have mentioned ; they prove 
mwely, that where matters of discoveiy are oonoenied* tlie 



VL Assgo'B Biograpkieai Memoir of Jamei Watt. 378 
narrowest jiutice is all tbat one can expect &om a rival or 
eompetitor, howerer high may have beeu fau preriouB repota- 
tion. GaveDcliah wonld scarcely luten to his men of buBineea, 
when they oame to consult, him concerning the disposal of hta 
prodigioiu wealth; but we may perceive, he had not the same 
indifibrenoe concerning his scientific property. We ought to 
insist, therefore, in demanding, after the example of tiie judges 
in ooorts of law, that the historians of science should never 
receive, as valid titles of property, any other than written, 
I should periiaps add published, titles. It is then, and then 
only, that an end will be pat to those constantly recurring 
disputes which are usually agitated at the expense of national 
vanity ; and it is then only that the name of Watt vrill assume 
tbat distinguished plaoe in the history of chemistry to which 
it is jnsUy entitled. 

The solution of a question of priority, where, as in the pre- 
sent instance, it is grounded upon the most attentive examina- 
tion of printed memoirs, and a minute comparison of dates, 
poesetaes all the characters of a complete demonstration. 
Nevertheless, it may not be superfluous to notice slightly, va- 
rious difficoltiea to which respectable individnala have seemed 
to me to attach some importance. 

How, it has been said, can it be admitted that, amidst the 
immense tnrmoil of commercial basiness, — engaged with a mul- 
titude of law-suits, and obliged to provide, by the ingenuity of 
every passing day, for the difficulties of an infiukt disooveiy. 
Watt could have found time to foUow, step by step, the 
progress of chemistry, to originate experiments, and propose 
explanaticois which even the roasters of the science had not 
foreseen ! To this difficulty, I make a very short and oon- 
dunve answer. I hare now in my possession the copy of an 
active correspondence, relating principally to chemistry, which 
Watt maintained during tiie years 1782-3, and 4, with Priest- 
ley, Black, Deluc, the engineer Smeaton, Gilbert Hamilton 
of Glasgow, and Fry of Bristol. 

Another objection, proceeding from a profound knowledge 
. of tiie haman heart, appears more specious. Since the disco* 
veiy of tiie compoution of water is one that ranks at least as 
high M the admirable inventions combined in the ateam-ea- 
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gine, can it be supposed that Watt Goneented with satiifaotioo, 
or withoat even testifying biB diflpleasnre, to see hinuelf de- 
spoiled of the honour which it would for ever have oonferred on 
hia name \ The only defect of thia reaaoninc^ is, that it has not 
theshadow of foundation. Watt neverrenounoed the part iHiioh 
legitimately belonged to him in the disoovery of the oomposi- 
tion of water. He caused bis paper to be printed with scmpa- 
looB accuracy in the Philosophical Transactions. A detailed 
note determined authoritatively the dates when the several 
parts of this paper were presented. What more oonld, or 
ought, a philosophy of Mr Watt's character to have done, ex- 
cept to wait patiently for the timft when justioe would bo 
awarded. Besides, the imprudence of Dehio had almost forced 
our associate from hie usual equanimity. The Oenevese pU- 
loeopher, after having advertised the celebrated en^neer of 
the inexplicable omission of bis name in the first impressicm of 
Gavendidi's memoir ; and, after having characterized this ne- 
glect in terms which the celebrity of the parties does not p«- 
mit me to repeat, writes to his iri«id : " I would allnost coun- 
sel you, in your ciroumstances, to extract from your discoveries, 
practical results which will improve your fortune. You must 
avoid causing people to be jealous." These words wounded 
Watt's noble mind. "As to what you say, "he replies," about 
making for myself des jcUoux, that would weigh little with me, 
ioT were I convinced 1 had had foul play, if I did not^aasert my 
rig^t, it would be firom a contempt for the modicum of reputa- 
tion which would result from such a theoi^, fWim a ooDviotion of 
my own mind I was their superior, or from an indolence that 
niabes it more easy for me to suffer wrongs, than to eedc re- 
dress. In point of interest, so far as oonnected with money, 
that would bo no bar, for though I am dependent on the fa- 
vour of the public, I am not on Mr Cavendish or bis friends." 
Few, I apprehend, will consider that I have attached too 
much importance to the theory which Watt su^^ested in ex- 
planation of Priestley's experiments. Those who refuse to 
pay a just tribute to this theory, because it now appears to be 
nothing more than the inevitable consequence of the faotSjforget 
that the most beautiful diseoveries of the human intellect have . 
been the most distinguished for their sin^lioity. What did 
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Newtmi hinuelf, when repeating aa experiment which had 
been known for fifteen oentnries, he disoovered the otMnpoii- 
iion of white light ! He ^toohed to that eKperiment an in- 
twpretatioD m oatural, that now-a-days, it seems imposBible 
to find any other. All that you obtain, aaya he, with the help 
of any prooeas whatBoever, from a pencil of white light, was con- 
tained therein in ita state of mixture. The glass prism has 
no creative power. If the parallel and infinitely slwider pencil 
of solar light which strikes upon the one face issues from the 
other diyergiogly, and with iu<»oased breadth, it is beoause the 
{^osB separates that which, in the white ray, was by its nature, 
unequally refrangible. . These words are nothing more than a 
literal interpretation of the well known experiment of the pris- 
niatio solar spectrum, an interpretation, however, which had 
eecaped the penetration of Aristotie, Descartes, and Bobort 
Hooke. 

But, without departing from oar {wesent subject, let us oome 
to arguments whioh bear still more direotiy cm this point The 
theory oonceived by Watt oonoeming the composition of water 
reaches London. If, aooordmg to the apprehension of the 
time, it was as simple and as evident as it now appears to be, 
the Oounoil of the Royal Society would not have failed to 
adopt it. But it was far from doing so ; its Urangmiem made 
them even doubt the truth of Priestley's experiments: tkegnen 
laughed at U, says Deluo, as tdthe MplanaHon o/tk« dent Sor. 
Again, a theory, the conception of which was attended with no 
difficulty would certainly have been disdained by Cavendish ; 
and yet, with what pertinacity, under the iDBuenoe of that in- 
genious man, did Blagden claim priority of discovery in oppo- 
sition to XAVoisier. Priestiey, upon whom a considerable share 
of the honour attached to the discovery of Watt must natu- 
rally fall, and whose affectionate regard for the celebrated en- 
gineer cannot be questioned, wrote to him, under date of 2&th 
April 17B3 : " Yon will examine with auiprise and indigna- 
tion the sketch of an apparatus with whioh / have viademmud 
to tfe wry bant your beau^ul l^rpi^heiii,'''' 

Upon the whole, then, a theory whioh was ridiculed at the 
Boyal Society, — which foreed Oavendish out of his habitual 
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reaWve, and iriueh Priestley, regudkss of tbe freah lioooar it 
brou^t him, set hinwelf deliberately to OTertum, — dosorroa to 
be reoorded ia the history of acieaoe as a great disoovory, what- 
ever notiuD oar present intimaoy with the snbjeot migfat lead 
lu to adopt oODoemiDg it* 

SleaeUnff by auaiu of CUorine, the beantifal inTeation of 
BertboUet, was introdaced into Britain by James Watt, eoon 
after having paid a visit to Paris, towards the end of the year 
17864 He oonstrueted all the necessary apparatus, directed 
their suitable arrangemont, snperintended the iirst trials, and 
ihea confided to his father-in-law Mr Maogregor, the general 
introdaction of the vahiable improvement. In c^ite of all the 
urgent •olicitations of the illnstrious engineer, our celebrated 
countryman obstinately refdsed (however extraordinary it may 
appear in the age in wbidi we live) to be associated in an 
undertaking which, to him, was free from ride, and of which, 
it appeared, Uie profits must be very great 

No sooner, in the latter half of the last oentmy, were the 
numerous gases discovered, and the important agency they 
exerted in the explanation of chemical phenomena, than tibe 
qnestion of their employment as powerfnl medicines was can- 
vassed and advocat«d. Dr Beddoea especially prosecuted this 
subject with sagabity and perseverance. With the help of 
private subacriptions, he was enabled to establish at Clifton, 

* Lord Brooghun wu prasent st the public meeting of the Institute, 
trhMi, in the nuns of the Academj of Sciences, I pud tlue tribntoof grati- 
tode Mtd Admintlon to the memoiy of Wntt On his retnm to Engtimd, 
he coUeotod eonte vkluaUe docoments, And studied knew the hbtoiical 
qnestioD (o wbich I have devoted ao much apaoe in tliis memoit. He in- 
veetigKted the snbject, in hie tuuol masterlj' st^'Ie, and irith that acnipn- 
tona core, in some degree jodidoi, which might be expected Irom the for- 
mer Loid Chancellor of Great Britain. I owe it to an act of kindness 
whifdi I duly ^precnate, that I am able to present to the public the result 
of the labonrs of mj illnstrions fellow member. (See page 31S of the pre- 
eeut No.) 

t Thia jountej' was undertahen with Hr Boulton, at the instance of the 
French Uiuiatr;, to advise them respecting the substitiition of steam for 
water, aa the moring power in the water-works at Harly . The state of 
the finance*, and the i^^nwching rerolntlDii, put an end to the plan at iho 
time.— Eorr. 
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Bear Bristol, an instHation, known under the name of the i*NM(- 
Motw /furtiAdton, where the r«Dedia] properties trf the gues 
generally might be eurefuU; stadied. This estabUdinient, 
fn- a time, waa more hnmediately naperintfflided by Hnmphiy 
Davy, then a yoimg nuui just be^nning his brilliant career. 
It waa also hoDonred with the name of Watt as one of its 
founders ; and the celebrated en^^eer didmore, for he planned, 
described, and oonstmcted, in the manufactory of Soho, the 
apparatus which was employed in preparing the difibrent 
gases, and in administering them to the patients. I find that 
many editions of his Directions were required, and were pub- 
lished in the years 1794, 1795, and 1786. 

The thoughts of our associate were directed to this inte- 
resting Bubjeot, from the oircamstanoe that many lA his oon- 
nections and irienda were cut down in e^y life, by diseases 
of th!e chest ; and he imt^ned that it was in this class of 
complaints that the specific properties' of the new gases would 
be most strikingly manifested. He also anticipated some be- 
nefit would be derived from the iron and zinc, which hydrogen 
oontuns in impalpable molecules, when prepared by certain 
processes. I shall add, in oondnsion, that among the nume- 
rous notes suppliod by physitmuis, and published by Dr Bed- 
does, announcing results more or less favourable, there is 
one, signed Jdin Carmichael, respecting the complete cure of 
one of bis servants, nam<id Ridiard Newberry, to whom Watt 
had himself administered, from time to time, by way of respi- 
ration, a mixture of steam and carbonic acid. Thoogh per- ' 
fectly aware of my incapacity to oome to any satisfactory 
oonolusion on a matter of this sort, I must take the liberty of 
expressing my regret that a plan of treatment which numbered 
Watt and Jenner among its adherents, shonld be at present 
entirely abandoned, and this without tiiere being adduced any 
eonneoted series of experiments in manifest opposition to those 
of Ute OUfUta Paeumaiie ItutHution.' 

* Twent; yean pnTJmts to (lie axiatence of tbe Pneamfttio Initilntion, 
Watt had ^iplied his obemical and miaeialogical knowlad^ to llie im- 
pTDvemeut of a potterjr which, along with some frienda, h« had eBtabluhcd 
at Olasgow, and of w|iich be eon^imisd s partner to the oiowef hie lift. 
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Watt in SHimttaU—DeiaiU reipeetiHg kit L^ ami i 

Bit Death— The NunurMi* StatiuM artetad ta itt M<mQr^~- 
lUfiectiont. 

In the year 1784, Mr Watt bad mikrried hia oowdn Miss 
Miller. She was an aooomplished person ; and her wit, imper^ 
tnrbable ewmtseea, and cheerfalness of disposition, speedily 
rescued the celebrated engineer from an oppreooion of lassi- 
tude, disoouragement, and misanthropy, which a nerrons attodk, 
and the injustice which he experienced, had well nigh r^idered 
' fatal. Without the cheering influence of His wife. Watt per- 
haps would never have published to the world his beantiiul in- 
ventions. Of this marriage were bom four children, two aoDS 
and two daughters. At an after period Mrs Watt expired in 
ohildbed, and hw infant did not surrire her. Her husband at 
the time was absent, engaged in the north of Scotland, with tiie 
plans of the Caledonian C^inal. I shall here take the liberty of 
transcribing, in all their native simplicity, a few lines from the 
journal in which he was la the habit of recording daily his 
most private thoughts, his fears and his hopes. *' I did what 
I could to foroe grief from my mind ; but feared to oome hcHne 
where I had lost my kind weloomer. In her I lost the com- 
fort of my life, a dear friend, and a fhithfnl wife." Here is 
a striking picture of heartfelt sorrow, whioh may serve to diake 
the confidence of those system-makers, iriio, despite of in- 
numerable instances to the contruy, deny the ftee and kindly 
phiy of the feelings to men whose intelligence finds its nourish- 
ment amid the sublime and imperishable truths of the exact 
sciences. After several years of widowhood, Mr Watt had 
the happiness to find in Miss Maogregor, a companion, ren- 
dered worthy of him, by the variety of her talents, the sound- 
ness of her judgment, and the strength of her character.* 

On the expiration of the term to which his patent had been 
extended by Parliament, viz. in the beginning of tiie year 1800, 
Mr Watt withdrew himself entirely f^ra buriness. His two 
sons succeeded him ; and, under the enlightened direction of 
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the younger Mr Boulton, and the young Meaars Watt, the ■ 
efltabUBhment at S<Ao ooutinned to prosper, and became 
more exteoded than ever. Even to the preaent day, it ooou- 
pies Uie first rank among the EDglish manufaatories of great 
and powerful maebines. Mr Watt's second eon, Gregory 
Watt, had distinguished bunself at an early period of his short 
eareer, both by his literary labours, and by sAno geological 
investigatJona ; but he was cut off, by a disease of the ehest, 
hk the year 1804, at the age of twenty-seven. This afflic- 
tive event overwhelmed the illustrioufi engineer, and it re- 
quired the most anxious attentions of his family and Mends 
to supply some balm to a heart that was well nigh broken. 
This deep grief has been a«signed as the reason of the almost 
total silence which Mr Watt maintained during the latter 
years of his life ; and I am far from denying it had its share 
in the remit. There is not, however, any occasion for re- 
sorting to extraordinary causes, when we reflect upon what 
were the inherent inclinations of his mind. So far bach as 
tJie year 1783, we find him stating in a letter to his friend Dr 
Black, " I wish you to be quite aware that I have no desire 
to occupy the public with the experiments I have made ;" and 
elsewhere we find these somewhat extraordinary words in the 
mouth of a man who has filled the world with his renown, " I 
know but two pleasures — idleness and sleep." That sleep, 
however, was light ; and the slightest excitement roused him 
from his favourite indolence. Every object presented to his 
notice, gradually received, in the machinery of his nund, changes 
c£ form, of construction, uid of nature, which rendered them 
susceptible of important applications ; and when no occasion 
offered of realiung these conceptions, they were lost to the 
world. An anecdote will explain my meaning. 

A water-company in Glasgow had established, on the right 
bank of the river Clyde, great buildings, and powerful ma- 
chines, for the purpose of conveying water into every house 
in the town. When the works were completed, it was dis- 
covered that on the other Bide of the river there was a spring 
or rather a kind of natural filter, which abundantly supplied 
water of a very superior quality. To remove the works was 
now out of the question ; but a question arose as to the prao- 
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twability of drawing the water from waIIs on the left buik, ky 
meoiu of the puoiptng-^pneB then existing on the ri^it bnak, 
and through a main-pipe to be earned by some mean* acran 
the river. . In this cmargenoj Watt was oouinilfed ; and he wm 
ready with a solution of the diffioolty ; pointing to a lobster 
on the table, he shewed in what manner a mechanist uug^t, 
with iron, Gdhstmot a jointed tube which would be endowed 
witliallthe mobility ofthe tail of the oniBtaoea; he aoowdingiy 
propowd a complete jointed condnit-pipe, capable <j( bending 
and applying itself to all the inflections, present and futore, of 
the bed of a great river ;-~in fact, a lobster-tail of iron, two feet 
in diameter, and a thousand feet in length. Ha soon aftw fiir- 
nished plans in detail, and drawings ; and the design was exs- 
ented for the Glasgow Water Company, with the most own- 
plete success.* 

Those who were faroored witii the person^ aoquaintaaee 
of our honoured associate, have not hesitated to dedare, that 
in him the inval)iabte qnalities of the heart were even superior 
to those of bis head. His ringular candour, his child-like nm~ 
plioity of manners, his most sompulons love of justice, aod his 
inexhaustible beDevolmice, have 1^ in Scotltwd, and throoi^ 
out Britain, reooHeotions which wjll never be effaced. Bat 
with all this disposition, so moderate Mid gentle, Mr Watt 
writhed when he heard an invention ascribed to any other 
than the true author, and espeeiaUy when some base flatterer 
would attempt to enrich him, at the expense of another. In 
his eyes, scientific discoveries were property of the hi^iest 
order ; and whole boars of discossion he considered well spent, 
if he sacceeded in doing justice to modest men, whose is- 
ventions had been filched from them by plagiarists, or who 
were merely overlooked by an ungrateful public. 

The memory of Watt might be cited as prodigious, even 
in comparison of all the wonders which have been narrated 

' We haT« thought it aocmearf to alter Bomewhat the vetrioa of this ae- 
count given in the original, aa M, Arago seenui to have miMpprehanded the 
facts which were itated to him regarding the Glasgow Water Compan}'. 
A fnll aeooutit of the flexible Watra-Hain, by Sir John Bohison, together 
with an illuatntive plate, will be fonnd in the E^nimyk FUlMCfttieal Jmit- 
w({, vol. iii. 60. — Edit. 
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of M» taxmitj u possecuied by a few privileged individuiJB. 
Its extent, however, wm ita least merit ; for while it made 
Um maiter of ereiy thing that was of real value, it wholly 
njeoted, and almoet inatinotiTely, whatever was super6noaB, 
and not worth the keeping. 

The variety of the knowledge of onr associate, would have 
been absdntdy incredible, were it not attested \>y many emi- 
neait men. Lord Jefltey, in his doqnent notioe, very happily 
eharaoterizea the aDderstaoding of his friend, at once strong and 
ddicate, by oomparii^ it to the [«vboBois of the elephant, which 
serves with equal ^Mnlity to lift a straw, or uproot the oak. 

The fallowing are tiie tenna in which Sir Walter Soott 
qteaks of his ilhutrioas oonntryman in the preface to The Mo- 
nastery. " It was only once my fortune to meet Watt, when 
there were assembled about half a score of our northern Kghts.* 
Amidst this ocHnpany stood Mr Watt, the man whose genius 
diseovered the means of moltiplying onr national resources to 
a degree, pethaps, evOn beyond his own stupendous powers of 
calculation and oombination ; bringing the treasures of the 
abyss to the summit of the earth, — gifing to the feeble arm of 
man the momentum of an Afrite,— oommanding manufactures 
to arise, — i^mling means of dispenung with that time and 
tide which wut for no man, — and of sailing without that wind 
whidi defied the oommands and threats of Xerxes himself. 
This potent commander of the elements, — tiiis abridger of 
time and qxtee, — this ma^oian, whose <Joudy madiinery hax 
produced a change in the world, the eflfeots of which, extra- 
ordinary as they are, are perii^ps only beginning to be felt, — 
was not only the most profound man of science, the most suc- 
cessful ocHsbiner of powers, and circulator of numbers, as 
adapted to practical purposes, — was not. only one of the most 
generally well-informed, but one of the best and kindest of 
human beings. There he stood, snrronnded by the little 
band of QorUiem literati. Methinks I yet see and hear what 
I diall never see or hear agtun. In his eighty-first year, the 
alert, Idnd, benevolent dd man, had bis attention at every 
one's quesUm, his information at every one's oommand. His 

* At Uie table of bus of the ComnuMionen of Nortberti LighUwwMi— 
Bnn. 
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ttdeote and fancy overflowed on ever; Bnbjeot-. One gentle- 
man was a deep philologist, — be ttJked with him on the origin 
of the alphabet, ae if he had been ooevd with iJadrans ; an- 
other a c^ebrated critio,— yon would have eiud that the old 
man had studied political economy and beUea-lettree aU hii 
life ; — of science it is unneceesaty to speak, it wa« his own dis- 
tinguished walk. And yet when he spoke with yoor oountry- 
man, you woold have supposed he had been eoeval with Olsven 
and Buriey, — with the peneontOTs and persecuted ; and could 
number every shot that the dragoons had fired at the fugitive 
Covenuiters.'" 

Had our associate been at all aolicitous, he might easily 
have acquired a name among the writers of Bomance. In 
the circle of his more intimate acquwnt^ces, he seldom failed 
to improve upon the anecdotes, whether ftightftd, afibcting, or 
amusing, which he heard narrated. The minnte details of 
his recitds, the proper names with which he interspersed them, 
the technical desoriptions of castles and country houses, of fo- 
rests and caves, to which the scene was saccesnvely trans- 
ported, gave to these unpnmMftofw so complete an air of tnUi, 
that one could scarcely retain the slightest sentiment of dia- 
belief. On one occasion, however, Watt experienced oontddeiy 
aUe embarrassment in extricating his characters from the 
hibyrintfa in which he had somewhat imprudently involved them. 
One of his friends, perceiving his difficulty, from the unwonted 
frequency with which he applied to hie snuff-box, as if to ex- 
phiin his pauses, and gain time for refleotiou, said to him, 
" Are yon, at random, recounting a tale of yoor own invention \" 
" Your inquiry," replied the old man, " astonidies me; dur- 
ing the twenty years I have been so happily spending my 
ev^ngs with you, I have done nothing else. Surely you did 
not wish to make me the rival of Bob^tson and Hume, when 
the utmost of my pretensions was to follow, at a humble dis- 
tance, in the footsteps of the Princess Scheheraiade, of * The 
Thmuand and One Nigktt.' " 

Every year, during a very short vint to London, and some- 
times to towns not so remote from Birmingham, Mr Watb 
made a nnuotB examination of every thing new which had ap^ 
peared notte his previous journey. From this remark, I do 
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not except the indtutriooB flea*, and the puppet tiieatrioaLt (du- 
rioDettee) ; for the iUostrioui engmeer Tisited them with all the 
enthtudasm and joy tA a Bohoolboy. In following, even now, 
the Itinerary of tbeoe annual progre8ie8,we should find, in many 
places, brilliant traces of Mr Watt's visits. At Manchester, for' 
exunple, we may see the Bam (Bdigr ^dratdiqw), at the sug- 
gestion of onr BSBooiate, helping to raise the water of conden- 
sation c^ a steam-engine to the feeding reservoir of the boUer. 

Watt usually re«ided at his ooontry-aeat near Soho, called 
Heathfield, which he bought about the year 17EK). The re- 
apeotfdl veneration which my friend Mr James Watt oherishet 
for every thing that reoolls the memory of his father, procured 
for me the satisfaction of examining, in the year 1834, the 
library and furniture at Heathfield, in the precise state in 
which the illustriouB engineer left them. A seeond property, 
oa the picturesque bonks of the Wye in Wales, furnishes to 
travellers multiplied proofs of the refined taste of Mr Watt 
and his son, for the improvement of roads, plantations, and all 
kinds of agrioultoial operations. 

The hedth of Mr Watt had improved with his years ; and 
his int^ectoal faculties retained all their vigour to the last. 
At one time onr aesoetate imagined that they were declining, 
and, in keeping with the seal he had adopted (an eye sur- 
rounded with the word obtanan), be determined to satisfy 
his doubts by making observations on himself; and aooord- 
ingly, when upwiuds of seventy years of age, be determined to 
select some kind of study on which he might try his powers, 
and for a time was in despair, because he eould find no subject 
that was new to him. At length he thought upon the Anglo- 
Saxon tongue, which is a difficult language ; and immediately 
it beeame the subject of die dedred experiment, when the fa- 
cility with which he mastered it, soon oonvinoed him there was 
no ground for his apprehensions. 

During the last few months pf his life, Mr Watt was es- 
gaged in the construction of a machine intended to copy ra- 
pidly, and with mathematical preciuon, pieces of statuary and 
sculpture of all dimenuons. This machine, c^ whidi it is to be 
hoped that the »rte will not be deprived, must be neariy 
o<na[deted. iiaay of its productimu, upon the iriiole joey 
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»«tirfaotoiy,are now to be seen in varioofl private orfleoti<«i*, 
both of Scotland and Knj^d. The iUnrtriowi engineer pre- 
sented them to amateurs somewhat &oetioudy, as the first 
attempts of a young artUt entering upon the ei^ty-third 
year of his l^. 

Of that eighty-third year, our aoKMMflte was not permitted to 
see the end. In the commenoement of the spring of the year 
1819, alarming symptoms appeared, which defied all the powera 
of medicine. Mr Watt was Idmsdf peifeotly aware of his sitna- 
tion, and often remarked to the numerous Mends who Tinted 
him, that he was deeply afibcted with the strong attachment 
they manifested towards him, tmd that he was the more anxious 
to thank them, beoanse he had arrired at lus last illness. Hia 
son appeared to him not sufficiently resigned ; and every day 
he sought some new occasion to point ont to him with gentle- 
ness, kindness, and tenderness, the many causes of c<»uiolatioD 
which the oiroumstances of the ineritable event still presented. 
That mournful event happened on the 25th of August 1819. 

Watt was interred in the burying-ground of the parish 
chnrohofHandsworth, near Birmingham, in Staffordahire. Mr 
James Watt, whose distinguished talents and noble senU- 
ments, for nearly twenty-five years, enhanced the happiness 
of lus father^s life, has erected to him a splendid Gothic mo- 
nument which makes the church of Handsworth extremely 
remarkable. In the centre of the stmcture, there is an ad- 
mirable statue, in marble, by Ghantrey, which is a very faith- 
ful representation of the noble featorea of the original. 

A second statue, likewise in mariile, Amm the hand of the 
same master, has also, by filial affection, been placed in one 
of the halls of the cdebrated university, where, in his youth, 
the artist, yet unknown and exposed to the persecution of the 
corporations, received enoonragement eo flattering, and so weU 
merited. Nor has the town of Greenock forgotten that it can 
boast of being the birthplaoe of Watt. Its inhabitants have 
ordered, at their own expense, a marble statue to the illns- 
trioos mechanist. It is to be placed in a beautiful library, 
built on a nte presented gratuitously by the late Sir Michael 
Shaw Stewart, and in which will be united the books of 
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tiie public libracf , and the Colleotiou of Worke of Soioioe 
which Watt bad presented to the eatablidiment daring; his 
lifetime. This building has already coat L.3500, to which Mr 
James Watt has libe^y contributed. A fine colossal sta- 
tne in bronze, placed apon a beautiful pedestal of granite in 
George's Square, Glasgow, demonstrates to every one how 
proud this coital of Scottish iiLdosby is of having been the 
cradle of Watt's discovmes. Finally, the portals of West- 
minster Abbey have been opened at the voioe of an ia^toaing 
onion of subscribers ; and there stands a o<4oflflal statue of 
Watt in Carrara marble, the chef-d'<euvre of Chantbby 
(bearing an inaoription by Lord Bbouohau),* and one of the 
principal ornaments of the English Pantheon. There is un- 
qnestionably much art in thus nuiting the illostrious names of 
Watt, Chantrey, and Brou^iam, npon the same monument. 
But far be it from me to malce this a ground of bhune. Happy 
rather that peo[4e who thus avail themselves of opportunities 
to honour their iUustrioos dead. 

We have thus given an aooount of five grand statucB which 

* We snbjoiD the inacTiption : — 

Not to perpetuate b nsme 

which most endure while the peaceful arts flouriah, 

but to shew 

Utat mankind li»Te leant to hoaaor thoae 

who beat deeerve their gntitnde, 

the King, 

hia Sduaten, and many of the Noblea 

andCommonen of the Bealm, 

ruaed Ihia Honanieiit to 

JAMES WATT, 

who directing the force of an onginol genim, 

earlj exercised in philoaophical research, 

to the improTement of 

the Sleaio Engine 

enlarged thereaonrceeof hia ooantry, 

iuoreosed the power of man, 

and roae to an eminent place 

among the illnitrioua followers of Bdence, 

and the real benefaetora <^ the woild. 

Bc^ at Oreeooclc UDOCXXXTI. 

Died at Heathfield in Btaffiirddiire, HDOOCXIX. 

VOL. XXVII. KO. tlV.^-OCTOBBB 1839, V 
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have been erectod in » diort time to the memory of Watt. 
And must we now confefls, that theee tributes of filial lore, aod 
pnblio gratitude, hare exoited the diBapprobation of some nar- 
Tow-mioded beings, who, refflaininjcatationarythemMlTeBifiuM^ 
the; thereby arrest the advanoe of ages. Aooording to them, 
warriors, and nu^^istrates, and statesmen (thongh I venture 
to assert they will sorely not ioolode all of this latter classX 
have alone a right to statues. I do not know if Homer and 
Aristotle, if Descartes and Newton, would appear in the eyes 
of these newAristarousee worthyof a simple bust; bat assuredly 
th^ would refuse even a modest medal to oar P^iins and 
VauoansonB, our Watts and Aikwrights, and to other mecha- 
nists, unknown, periiaps, in a certain oirole, but whose renown 
will go on augmMiting from age to age with the progress <A 
knowledge. Since such heresies as these are openly avowed, 
we must not disdiun to combat them. It is not without 
reason that public opinion has been styled a sponge for yee- 
judices. But prejudices are like hurtful plants : the sli^t> 
est effort- suffioee to radicate them, if they be at onee at- 
tended to; on the contrary, they grow with time, become 
inveterate, extend far and near, and their numerous ramifica 
tions seize upon every thing that oomee within their reach. 

If this discossion offend the self-love of some, I most re- 
mark it h&B been provoked. The men of seienoe of our day 
are not those who have complained fiiat they saw not the great 
aufliora, whose inheritance they cultivate, figure in the long 
r:uiges of colossal statues, which the authorities proudly elevate 
oa our parapets, and places of pnblic resort ; for well they know 
that these monuments are fbigile, that hurricanes shake and 
overturn them, and that the very vitnssitades of the seasons 
suffice to destroy their contours, and to reduce them to shape- 
less blocks. But they too have their statuary and their paint- 
ings in the printing-press. Thanks to this admirable invention 
when the works of science and imagination possess real value, 
they may defy time and political revolutions. Neither fiscal 
regulations, nor eommotjons, nor all the terrors of despots, can 
hinder such prodnctions &om orosnng the most carefully 
guarded firontiem. A thousand vessels transport them, under 
a variety of ftmni, from henus^iere to hemiqthere. Thegr an 
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atadied at one and the same time in Iceland and Van Biemen's 
Isnd ; they are read in tlie little circle of the humblest 
cottage, and in Ae most brilliant e^oona of palaoes. The 
aathor, thearti«t, and the engineer, are reoognited and appre- 
oiated thronghont the woidd by all that ia mort noble and ^e- 
Tated in man — ^b; judgment, mind, and iatdligenoe. That in- 
dividnal would be focdish indeed, who, occupying such a oom- 
manding position, should ever wieh that his lineamrate, traced 
in rawble or in bronze, even by the ohi§el of David, dioold 
ever be expowd to the gate of idle lonngerg. Such honours 
aa thue, I repeat, a man of fldoitific or literary celebrity, 
or an arturt, cannot envy, atthoogh he ean never admit that 
he is nnworthy of them. Such, at all events, is the decision 
Biq;gested to my mind by the disaoBrion I am about to sub- 
mit to yonr attention. 

It is a circimiBtance passing strange, that onr opponents have 
been led to advance sudkhRugfatyptetenaions.preciselyon the o(V 
casion of the erection of five statues, which have not withdrawn 
a single fsrdung from the public treasury. It is fu, however, 
from being my intention to avail myself of this indiscretioo. 
I prefer to consider the question in the abstract, namely, as 
already stated, the alleged Boperiority of arms over literature, 
science, and the arte. And here we must not be deceived • 
for, if magistrMes and governors be associated with military 
men, it is only that they may be a passpnt to them. 

The extreme shortness of the time I can now devote to this 
discussion, impresses upon me the necessityof being concise and 
methodical. That there may be no mistake, then, as to my 
o[nnions, I very explicitly declare that independence and na- 
tional liberty are, in my estimation, the first of hnman bless- 
ings, — that to defend them against fweign and intcetine foes 

is the first of dntJee, and that to have mainbuned them at 

the price of one's blood — establishee the first claim to public 
gratitude. Raise, then, splendid monuments to the brave 
men who fell on the glorious ramparts of Mayence, on the 
immortal fields of Zurich, and of Marengo, and assuredly my 
offering will be readily paid ; bat, at the same time, do not 
require that I shall do violence to my reason, and to those sen- 
timttits vHiish nature has phuted in every bosom, nor eicpect 
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tiiat I Bball ever agree to place all military service on the same 
diBtingoisbed levd. What FreDchman, possessed of a spark 
of feeling, even of the times of Louis XIV., would willbgly 
have soQght an example <A courage, either in the cruel scenes dt 
the Bragonnades, or in the flaming whiriwind whidti consumed 
the towns and villages, and rich domains of the Palatinate ? 
Not long since, after a thousand prodigies of patience, ability, 
and bravery, tnu: valiant soldiers forced Saragossa, already 
more than half in ruins, and reached the portals of a chnrcb, 
frtiere a priest was heard to ezclfum, in the ears of the devoted 
crowds, these sublime words : — " Spaniards ! here I celebrate 
your obsequies !" I do not know but that, at this m<»nent, 
the true friends of our national glory, balancing tiie several 
merits of the conqueror and the conquered, would gladly have 
seen Hasiaa exchange places P 

Let morality, if you choose, be put entirely out of the ques- 
tion. Bring to tiie bar of conscientious criticism the personal 
claims of cert^ gainers of battles, and believe that, after 
having assigned a just share to accident (an ally this of which 
little is said, because it is dumb), there will be but few heroes 
who will appear wwthy of this high-sounding name. 

Were it at all necessary, I should not decline entering into 
fSi. examination of details, few as have been the opportonitiee 
which my purely acadeipica] occupations have supplied ftnr col- 
lecting accurate documents on the point. I mig^t, fw ex- 
ample, cite from our own annals a modem battie, — a battie 
gained too, the official accounts of which described all as foreseen 
and antii^tated, planned after reflection, and executed witii 
consummate ability, but which, in truth, was guned by the 
spontaneous movements of the soldiery, without orders from 
the general, upon whom the honours were heaped, and who 
neither gained the day, nor knew how it was won. 

That I may escape the common reproach of incompetency, 
I shall summon to my he% in siqiport of the philosophical 
tbeas I maintain, no others than warriors themselves. We 
shall then see, how much tiiey valued intellectual labours, and 
how enthuaastically they f4>preciated them ; and we shall 
find, that in their real i^inions, works of genius never oocu- 
pied the second rank. Confined within narrow limits, I shall 
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endeftTOnr, for number and novelty, to substitute celebrity, 
and shall only cite the opinions of Alexander and Pompey, of 
Oesar and Napoleon. 

The admiration of the Macedonian conqneror for Homer is 
an historical fact Aristotle, at bis command, nndartodc the 
revision of the text of the Iliad. This corrected copy became 
his favourite and most esteemed book ; and when, in the centre 
of Asia, amidst the spoils of Darins, a magnificent coffer, of 
gold, pearls, and precious stones, appeared to exotte*the cu- 
pidity of his lieutenants, — " Let it be reserved for me," ex- 
claimed the conqueror of Arbela, " that I may pat my Homer 
in it It b the best and most faithful of my counsellrars during 
my military operations \ and it is, moreover, just, that the 
richest production of the arts shoold be need for the preserva- 
sion of the most precious production of the human mind." 
The sack of Thebes had previously demonstrated more clearly 
still, the unlimited respect and admiration Alexander enter- 
tained for Uterature. One single family alone, of this popu- 
lous town, escaped death and slavery, and it was the family 
of Pindar. A solitary mansion remained erect amidst the 
ruins of temples, palaces, and private dwellings, and it was 
the house where Pindar — not that where Epaminondas — was 
bom ! 

After the termination of the Mithridatic war, when Pom- 
pey went to visit the celebrated philosopher Poeidonins, he 
prohibited the lictors &om knocking at his door with their 
rods, according to their practice. Thus bowed, adds Pliny, 
before the humble dwelling of a sage, the fiisces of him who 
had beheld the east and the west prostrate at his feet ! 

CsBsar, whom literature may well claim as her son, has 
clearly, and in many passives of his immortal Commentaries, 
indicated the relative places which the various kinds of fa<- 
culties — BO largely possessed by himself — held in his estima- 
tion. How brief and rapid his accounts of combats and bat- 
tles .' On the contrary, he considers no detail he can lavish 
upon the description of the famous bridge along which his 
army so unexpectedly crossed the Rhine as superfluous. And 
why ? Becanse here success depended upon conception alone ; 
and the dengns were all his own. The preference which 
I.: . ...C^oogk 
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Csestr asdgned to the sereral events of war, has been point- 
ed out ; what be cbiefly boasted of was a moral inflnence. 
" Cceaar hartxngued his army" is almoat always the first 
clause tA bis description of a battle won. " Ceesar did not ar- 
rive in time to address his soldiers, amd exhort them to ffood 
eoMduet," is the habitual accompaniment of the recital of a 
snrpriae, or of a temporary defeat. The general invariably 
dis^pears before the orator, and truly, remarks the judicious 
Montaigne, his tongue often did hint wondrous sermee. 

And now, without transition, without dweUing upon the 
well-known exclamation of the great Frederick — " I had ra- 
ther have written Voltaire's Siide de Louis XIV. than gained 
a hundred battles ;" — I come to Napoleon. I must be brief, 
not even alluding to the celebrated proclamation, written un- 
der the shade of the Pyramids, by a member of the Institute, 
and General-in-Chief of the Army of the East ; nor to the 
treaties of peace, in which the monuments of art and of 
science were the ransom-price of the vanqubhed ; nor to the 
high esteem in which the Gieneral, now become Emperor, ever 
held Lagrange, Laplace, Monge, and Berthollet, and the riches 
and honours with which he loaded them. An anecdote which 
is little known, will conduct us more directly to the point. 

Most people know something of the decennial prizes. The 
fbur classes of the Institute had drawn np rsq>id analyses of 
the progress of science, literature, and the arts ; and the Pre- 
ridents and Secretaries were to be called upon to read these 
documents to Napoleon, before the Dignitaries of the Empire 
and the Council of State. The 27th of February 1808 was the 
day appointed for the assembling of the Acadimie Franeaise ; 
tioA, as may be supposed, the meeting was more numerous than 
usual, for who does not suppose himself a sufficient judge in 
matters of taste ! M. Chenier vf»& the appointed orator. He 
was listened to with religions alenee ; but on a sadden the 
Emperor interrupted him, and with his hand upon his heart, 
and his body inclined, his voice trembling with manifest emo- 
tion, he exclaimed, " This is too much gentlemen, too much ; 
you overwhelm me ; I cannot find words to express my gra^ 
titude !" 

I will leave it to yourselves to conceive the deep surprise of 
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tbe crowd of eonrtiers who were the witseaaes of this scene ; 
those very individuals who, from step to step, bad gtme so far 
in their adolation as to tell their master, and ^fparently with- 
out exciting hie astonishment or rebuke, that " Whwi God 
had created Napoleon, he felt need of repose t" 

What, then, were the words which went so atrai^t— so 
pointedly to the heart of Napoleon ! They were the follow- 
ing : " In onr camp, where, &r from the calamities of the 
interior, the national glory was preserved unsullied, spnmg 
np another kind of eloquence till then nnknown in modem 
times. Concerning it there can be no dispute. When, in 
ancient authors, we read the harangues of the most renowned 
detains, we are usually called to admire only the genius of 
the historian. Bat here the heart-stirring addresses stiU exist, 
luid may be collected without trouble. These beautiful pro- 
clamations emanated from the army of Italy ; where the con- 
queror of Lodi and Arcole, whilst creating a new art of war, 
gave existence also to military eloquence, of which he will 
ever remain the model," On the 28th of February, the day 
subeequent to the celebrated meeting, the particulars of which 
I have now traced, flie MoiUteur, with its acctulomed Jidelity, 
published the Emperor's answer to the discourse of Chanter. 
It was cold, formal, and insignificant, and bad, in short, all the 
characters, others might say, all the qualities <^ an official do- 
cument It made no allusion to the incident I have related ; 
— miserable , concession to {a«dominating opinion, and the 
susceptibilities of the Staff. 

The master of the world, to avail myself of Pliny's expree- 
uon, yielding for a moment to his real feelings, lowered his 
hscea before the literary complimeDt paid to him by the Aca- 
demy. 

These reflections, npon the comparative merit of the philoao- 
pher or audior, and the warrior, although they have been sug- 
gested to me chiefly by what is sfud, and what passes, around us, 
will not be wholly inapplicable to the native country of Watt. 
I lately travelled f xtensively throughout both En^and and 
Scothuid. The kindness I received authorized me to ask 
questions, so aearching, distinct, and direct, that, in other 
circumstances, they would have been excusable (mly in the 
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. Prettdent of a board of inquiry. Being even then deeply {se- 
occ«pied with ths obligation nnder which I lay, to deliver, on 
my return, a judgment concerning die celebr&ted mechanist ; 
and already eomewhat anxious at the thought of the solemnity 
of that assembly to which I now address myself, 1 had pcepaied 
this inquiry, " Wbat is your opinion of the influence which 
Watt exercised upon the wealth, the power, and the prosperity 
of England ?" I do not exaggerate when I say tliat I have ad- 
dressed this qnestion to more than a hundred people, belonging 
to all classes pf socidty* and to all shades of political opini<Hi, 
from the most restless radical to the most determined censer- 
vative ; and the response has always been the same. Each 
placed the services of our associate above all compaiison ; and 
almost every one quoted the speeches, made at the meeting 
which agreed to the erection of the statue in Westminster Ab- 
bey, as the faithiul and unanimous expression of the sentiments 
of the British nation. What, then, was the tone of these 
speeches? 

Lord Liverpool, the first minister of the crown, designated 
WattasfHieof the most extraordinary mento whom England had 
given birth, and one of the greatest benefactors of the human 
race. He declared that his improvements had increased to an 
incalculable degree the resources of bis country, and even 
those of the whole world. Then looking at the question 
in a political point of view, " I have lived," sud he, " in times, 
when the snocess of a campaign, or even of a war, has de- 
pended npon the posrability of dispatching our squadrons from 
port, and idien contrary winds prevuled for whole months, 
and completely disappointed the anxious wishes of Govern- 
ment. Thanks to the steam-engine, such vexatious difficulties 
are now for ever at an end." 

" Again,'* exclMmed Sir Humphry Davy, " cast your eye 
upon the metropolis of this mi^^ empire, npon our towns 
and villages, our arsenals and manuiactories, — examine the snb- 
terrsnean excavations and the works that are executed on the 
snr&ce of the earth,— contemplate our rivers, our canals, and 
the ocean which siuToands our shore, every where will yon 
find tokens of the enduring beueficia] laboura of this great 
man." " The genius,'' added the illnstrious President of tbe 

I. :n .....CtOO^IC 
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Royal Society, " which Watt has displayed in his admirable 
inTeiitioDs, has contributed more to demonstrate the practical 
ntili^ of science, to aggrandize the power of man over die ma- 
terial worid, and to multiply and spread wide the convenien- 
ciee of life, than the labours of any otiier individual in modern 
timeB." DftTy, in fact, did not hesitate to place Watt in a more 
elevated position even than Archimedes. 

Mr Hnskisson likewise, the President of the Board of Trade, 
proclaimed, that, regarded in reference to the prosperity of 
the human race, the iuTentions of Watt appeared to him to 
merit the highest pouible eutmiration. He explained in what 
way the econuny of labour, the indefinite multiplication and 
the extreme cheapness of the productions of industry, contri- 
buted to advance knowledge, and promote its wide extension. ' 
" The steun-engine," he remarked, " in the hands of inan 
IB not only the most powerful instrument he can employ in 
changing the ^pearance of the physical world, it also acts 
as a moral and irreeistihle lever in pushing forward the grand 
cause of civilization." In this point of view Watt appeared 
to him distinguished among the chief benefactors of man- 
kind. And, as an Englishman, he did not hesitate to say, 
that without the inventions of Watt, the British nation could 
never have sustfuned the immense expense of its last war with 
France. 

The same idea occm*8 in the speech of another member of 
Parliament, who expresses his sentiments in no less decided 
terms ; I allude to Sir James Mackintosh. " It is the die- 
veries of Watt which have enabled England to sustain the 
most arduous and dangerous conflict in which she has ever been 
eng^ed. All things considered, I declare, without hesita- 
tion, that no one had ever more urgent claims than Watt to 
the homage of his country, or to the veneration and respect 
of future ages.'' 

We shall now turn to the result of numbers and figures, 
which, as it appears to me, are still more eloquent than the 
various passages we have just been perusing. The younger 
Mr Boujton informs us, that, in the year 1619, the establish- 
ment at Soho alone, had mannfactnred of Watfs machines, a 
number whose steady labour would have requiared not fewer 
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than one hundred thoosand horaes ; and that the saving resoH- 
ing from the sabstitation of these machines for »>«iTn«l la. 
hour, amounted annually to more than L.3,000,000 Sterling. 
Throughout England and Scotland at the Eame date, the 
number of these machines exceeded ten thousand. They ef- 
fected the work of 500,000 horses, or of three ac four mil- 
lions of men, with an annual saving of from L.12,000,000 to 
L.16,000,000 Sterling. These results must by this time be 
more than doubled. 

See here, then, in a scanty abridgment, iriiat was said of 
Watt by statesmen, philosophers, and manufacturers, the most 
enable of appreciating his merits. Gentlemen, this creator 
of six or eight millions of labourers, — of assidnons and inde- 
fatigable labourers, among whom authority is never required 
to repress either coalition or commotion, and who labcHir for 
a halipenny arday ; — tMs man, who, by his brilliant disco- 
veries, adbrded England t^e means of sapportiag a most 
furious struggle, during which her very nationality was at 
stake ; — this second Archimedes, the benefactor of his race, 
whose memory future generations will for ever bless* — ^wfaat, 
I inquire, was done for him during his life-time f 

The peen^e is in England the first of cUgnities, the highest 
of rewards ; and you will natorally suppose that Watt was 
created a Peer. So far was this from bcmg the case, that it 
was never even thought of ! Were we to speak tiie truth, we 
should say, so much the worse for the Peerage. Such a no- 
glect, however, in a nation so justly proud of its illustrious 
men, could not but greatly astonish me. When I inquired 
into the cause of this neglect, what think you was the re- 
sponse P Those dignities of i^ich you speak, I was told, 
are reserved for naval and military officers, for influential 
members of the House of Conunons, and for members of 
the aristocracy. " It it not the cuMtom," it was said, and 
I quote the very phrase, " to grant these honours to scien- 
tific and literary men, to artists or enpneers !" I wdl 
knew it was not the custom in Hie reign of Queen Anne, 
because Newton was never a Peer of England. But after a 
century and a haJf of prepress in science and philosophy, 
when all of OS, within the abort span of life, havf leon mo- 
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narchs banished, forsaken, proscribed, and replaced npoD their 
thrones by mere soldiers of fbrttine, who have hewn out their 
renown by their swords, surely I might be permitted to hope 
that the time had passed when it would be attempted to divide 
men into exclusive classes ; that, at all events, it would not 
be declared openly, and in the style of the inflexible code of 
the Pharaohs : Whatever may be your services, your virtues, 
or your acquirements, not one of you shall ever rise above the 
level of your caste ; in a word, that such a senseless custom 
(since custom it is) should no longer be permitted to disGgure 
the institutions of a great people. 

Let us hope better things of the future. The time will 
come vdien the science of destruction shall decline before the 
ajTts of peace ; when the genius which multiplies our powers, 
which creates new products, and dispenses comfort throu^out 
immense masses of our population, shall occupy, in general 
esteem, the place which reason and sound sense have even now 
assigned to it. 

Watt will then appear before the grand jury of the popu- 
lation of the two hemispheres. They will see him, assisted by 
his steam-engine, penetrating in a few weeks into the bowels 
of the earth, to depths, which, before his time, could only 
have been reached after an age of the most difficult labour ; 
he vrill there clear out spacious galleries, and free them, in 
a few minutes, from the vast volumes of water which daily 
overflow them, and thus will he procure from the vii^n earth 
those inexhaustible mineral riches which nature has there 
deposited. Uniting delicacy to power. Watt will be seen 
twisting witii the same success, the huge folds of the colossal 
cable by means of which the stately vessel rides secure amid 
raging seas, and the microscopic filaments of those Uces and 
airy gauzes, upon which fashion ever so much depends in the 
preparation of her light but fascinating adornments. A few 
strokes of the same machine will drain vast marshes, and give 
them up to husbandry ; and districts already fertile will by it 
be freed from the periodic influence of those deadly miasmata 
produced by the scorching heat of the summer sun. Those 
great mechanical powers, which are onlyto be found in moun- 
tainous regions, at th? foot of rapid cascades, will now, thanks v 
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to the ingenuity of Watt, be reared at will, without ^fficnlt; 
and withoat incumbrance, in the centre of towns, and in every 
story of a building. The intensity of these powers will be 
regulated by the piechanic's will, and will not depend, as 
heretofore, upon the most unsteady of natural caoses, — atmo~ 
spheric iBflnence. The different branches of each mannfectore 
may be united in a common enclosure, and even under the 
same roof. The productions of industry, whilst they are Uius 
improved in quality, will be diminished in price. Population, 
well fed, well clad, and comfortably lodged, will increase with 
r^idity, — It will cover with elegant dwellings every r^on, 
even those dbtricts which have been justly styled the Steppes 
of Eruvpe, and which the barrenness of ages seems for ever 
to have condemned to remain the exclusive domain of ihe/erte 
naturtE. In a few years insignificant hamlets will become 
important cities ; and, in a short while, such towns as Birmii^- 
ham, where, a few years since, one could scarcely count thirty 
streets, will take their place among the largest, most beaatifol, 
and richest towns of a powerfol kingdom. 

Transferred to our ships, the steam-en^e will replace an 
hundredfold, the efforts of the triple and quadruple banks 
of rowers, from whom our fathers reqiured an extent and 
kind of labour, ranked among the punishments of the great- 
est criminals. With the help of a few bushels of coals Man 
will overcome the elements, and will make light of calms, con- 
trary winds, and even storms. Transport will become much 
more rapid, — tVe time of the arrival of the steam-vessel will 
be as regular as that of our public coaches ; and we shall no 
longer have occasion to remain on the coast for weeks, or 
even months, the heart a prey to cruel anxiety, watching, with 
anxious eye on the distant horizon, for the uncertain traces of 
the vessel which is to restore to us a &ther or a mother, a 
brother or a friend. In fine, the steam-engine, conveying in 
its train thousands of travellers, will run, upon railroads, more 
swiftly than the best race-horse, loaded only with its dinu- 
nutive jockey. 

This, gentlemen, is a very abridged sketch of the benefits 
bequeathed to the world by the machine of which Papin sup- 
plied tlie germ in his writings, and which, after so many in- 
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genwDB exertions. Watt carried to such admirable perfection. 
FoBterity will assaredly not degrade them to tbe level of other 
labours which have been too much commended, and whose real 
influence, weighed by the tribunal of reason, will for ever re- 
main circumscribed within the confined circle of a few indi- 
viduals and a limited space of time. 

We have long been in the habit of talking of the age of 
Augustus, and of the age (^ Louis XIV. Eminent individuals 
amongst us have likewise held that we might with propriety 
speak of the age of Voltaire, Rousseau, and Mtrntesquieu. I 
do not hesitate to declare my conviction, that, when the im- 
mense services already rendered by tlie steam-engine shall be 
added to all the marvels it holds out to promise, a grateful 
population will then familiarly talk of the ages of Papin and 
of Watt! 

A I»ognq>hy of Watt, intended to form a part of our collec- 
tion of memoirs, would cert^ly be incomplete, did it not 
contun an enumeration of the academic titles with which the 
illustrioos enf^eer was invested. The list will, moreover, 
occupy but a few lines. Watt became a member of the Royal 
Society of Edinburgh in the year 1783 ; of the Royal Society 
of London in 1786 ; of the Batavian Society in 1787 ; a cor- 
respondent of the Institute in the year 1808 ; and in 1814, 
L'Aeadetme dea Science* of the Institute, conferred i^n Watt 
the highest honour it can bestow, b; naming him one of its 
eight foreign associates. By a spontaneous and unanimous 
vote the Senate of the University of Glasgow conferred on 
Watt, in the year 1806, the honorary degree of LL.D. 



On Maekinerj/ eonndered in Bdation to th« ProtperUy of the 
Working Olaiie$.* By M. Aeaoo. 

Hany individuals, without questioning the genius of Watt, 
regard the improvements on account of which ihb world is his 

* In writing tiie following chapter, I thoaght that I mi^t avail my- 
Hlf iritliMit acnple of Um nnmenniB dociunenti I have coUeeted, whether 
Ib injr oocMioiMl intaroontse wiOi my Ufautticiu friend Lord Bronghani, or 
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debtor, and the great impulae they have giren to the Ubonn of 
indoetry, u a eooial calamity. Were we to believe tfaem, the 
adoption of every new macbine inevitably inoreaBea the hioon- 
venienoee, and adds to the miseries of our artisans. All those 
wonderfol mechanical oombinationB which we ard in the (ns- 
tom of admiring for the regularity and harmony of ^ir move- 
ments, and for the energy and delicacy of their eflbots, are, in 
their opinion, only instruments of evil, vdiiah the l^islator 
ought to proscribe with a just and implacable severity. 

Oonscientious opinions, and eef>eoially when associated with 
feelings of phil«iduropy, should ever have a claim to attentive 
examination. Nay, I will add, that from me such an examinar 
tion is an imperative daty. I should, in &ot, n^eet that as- 
pect of the labours of our illustrKHiB assodate ^riiiofa is most 
worthy of public admiration, were I not, far from subscri- 
bing to the criticisms of prejudice, to bold up such labours 
to the attention of men of property, as the means the most 
powerful, the most direct, and the most effioaoions for rdiev- 
ing the operatives of their hardest sufferings, and for makiog 
them participate in all the blessings which appeared to be the 
peculiar inheritance of the rich. 

When we have to make a choice between two proportions 
which are ditunetrically o[^>oeed to each other— when the one 
being true, the other must necessarily be false, and when 
nothing, at the first glance, seems to mdicate a rational choice 
between tbem, geometricians are in the habit of taking op 

in tboM worin whicli hit Lonlsliqi bu pnbliahed, or which h«ve appeareA 
under his patronBge. Were I to believe the critidsma which vBrioas per- 
sons hare pablished flince the readinf; of this eli^, I have, in endeavoiiriiig 
to combat the opinion that nucbineiy is injurtoos to the working rlnnnrfl, 
boen attacking a worn ont prejudice which lias do longer on]' real exist- 
ence. Could I believe this to be the case, I would willingly vnpprem all 
my rosMnings, good or bad. But unfortunately, the letters which worthy 
workmen frequentlf address to me, whether as Academician or Depoty, 
and Btill more the dissertations «i profiuo, and qoite recent, of several poli- 
tical ecoDomiste, leave me no doubt as to the necessity of affinoing now, 
and of repeating upon every becoming occasion, that machinery has nevw 
been the realcauaeof thesafferinga of one of the most numerous and inte- 
reating clawee of sooie^ ; that its deetruction would only oggravata suffer- 
ing i and that it ia not in this quarter we shall find tho mnedy bt «vils, 
whidi I ngnt from tbe bottom of n^luMt. 



iiized I!, Google 



to th« Proaparity cf tit It^orkk^ Chute*. d99 

then oontmrjr proposHioiu, of foUowiug them oat miimtely 
throng their serond ramifioatioiiB, aod bo arriTiiig at their 
nitinude logical resnlte ; and the jwopoatiui which is inoor- 
recit, and it alone, seldom fiuLi by this prooets to lead to ooo- 
Beqnenoes whiob a ooireotly oongtitoted mind cannot admit. 
Let us employ toi a mmneat this method of examination, of 
which Enolid so often availed himself, and which is so justly 
termed the nditctio ad abtw^m. 

The opptneots of maohinery would annihilate it, or at least 
would greatly restrict its emjdoyment, to [svserre, they say, 
more voA for the labouring classes. Let ns for a moment 
adopt this view, and we shall find that the anathema extends 
fiu: beytmd machines properiy ho Aalled. 

And we murtb^;in by taxing our aooestors with the greatest 
improvid^oe. ' If, instead of fbonding the city of Paris, and 
continuing to extend tt on both banks of the Seine, they had 
bailt it upon the plain of Yillejaif, then, for ages, tits corpora- 
tion of water-wrriers would of all others have been the best 
employed, the most neoessaiy, and -the most numerous. The 
political eoon<Hnists, therefore, with whom we are now contend- 
ing, should ooDsolt the interest of these water^orriers. To 
divert the Seine from its course is by no means an impossi- 
bility ; they should, therefore, propose the accomplishment 
of this great woi^ — they should opm a subscription to divert 
the river fimn Paris ; and the gwteral lau^ would then teach 
th«n that the method of the reductio ad ahmi/rdmoi is not with- 
out its nge even in pcditical economy ; and the workmen them- 
sdves, in thtor right senses, Would tell them that it is the river 
which has created that immense Capital where they find so 
many sources of occupation, and that without it, Paris would 
probably still have been only another Villejoif. 

Up to the present time, the Parisians have always been con- 
gratulated upon their [vozimity to those inexhaustible quarries, 
whence, for many generations, have been procured the materials 
employed in the oonstmction <^ their temples, their palaces, 
and thor private dwdlings. But all this is mere iUosion ! The 
new politick economy will prove to ns, that it would have been 
esninently advantageous had all our stone and lime be«i found 
no ae«f€gtiMuBwageS)»diit»affe<rf 120 miles. Inthisoaie^ 
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oonnt apon yonr fingen, if yon can, the luunber of woAaaa, 

whose employmoit would h&ve been neooMary, to convey to 
the stone-yardfl of the capital, the stouea which the builders 
have required for fire oentoriea, and yon will obtain a pix>di-- 
gious resnlt; and however little satisfied yon may be with 
novel ideas, yet you may rejoice to your heart's content Qp<Hi 
the delight which such a state of things wonld create among 
the day labourers I 

The capital of a powerful Idngdoni, not very distant from 
France, is travoved by a msjeidio river, which even ships of 
war ascend in flill suL Innumerable canals in all diroati<»iB 
interseot the surrounding country, and tnuu^rt, at little ex- 
pense, packages of the laigest bulk. A complete oet-woric of 
excellent roads, most admirably kept, leads to the most distant 
parts of t^e country. In addition to these great gifts (rf' nature 
and of art, the oaintal enjc^ what every one most now caD 
an advanioffe of iriiioh Pwis is deprived, for the stone-qoarriee 
essential to building are not in its vicinity, but are found only 
at a distance. Here, then, is the Utopia of the new econo- 
mists realized. They may now calculate the hundreds of 
thousands, nay, the millions of qaanTmen, boatmen, carters, 
and stone-cutters, who must unceasingly be occupied in raiong, 
transporting, and preparing all the variety of stones whicJi 
are required in the construction of the immense nnmber of 
buildings, which u« every year added to this great metro- 
polis. But stop 1 they may spare their pains, for it hi^pens that 
in this city — as it would happen in Paris, deprived of its rich 
quarries — that stone being very expensive, is not used, and 
brick is everywhere substituted in its place. 

Thousands of workmen every day execute at the surface and 
in the bowels of the earUi prodigious labours, which it would 
be necesury totally to abandon, if certun machines were re- 
Unqnished. One or two ezan^les will suffice to make this 
truth sufficiently a[^>arent. The duly removal of the water 
which rises in the galleries of the Cornish mines requires a 
power of fif^ thousand horses, or of three hundred thoosand 
men. I ask if the wages <^ three hundred thousand worimiai 
would not absorb all the profits which the mining operations 
might produce i But tiie question of wages and profit* may 
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tODch a tender point; and therefore I turn to other oonii- 
(lerations, which, howoTer, lead to the same conclusion. A 
ain^e oopper-nune in Cornwall, one of those known an the 
ComoUdaUd mims, requires a eteam-en^ne of the power of 
more than three hundred horsea conBtantl; at work, and thus 
every twenty-four hours realizes the labour of one thouaand 
horses. Concerning this, the assertion comiot be doubted, that 
no means could possibly be found beneficially and eimultane- 
onsly to apply the strength of more than three hundred horses, 
or two or three thousand men, around the mouth of the shaft 
of the mine. To proscribe, therefore, the action of the steam- 
engine of the Oojuolidated mineg, would be to reduce to a state 
of inaotivity a great number of workmen whose labours are 
now rendered available ; it would be to declare that the cop- 
per and tin mines of Cornwall must for ever remain buried 
under a mass of soil, rock, and liquid, many hundred yards deep. 
The proposition, brought to this form, could certainly have few 
defenders ; but the form is nothing, whilst the substance re- 
mains the same. 

If, from operations which require the greatest development of 
power, we turn to the examination of different products of in- 
dustry whose delicacy of parts and regularity of form have 
ranked them among the wcmden of art, the insuffioienoy, and 
even the inferi<»ity of our organs, compared with the ingenious 
combinations of machinery, are equally striking to all. Where, 
for example, is the skilful spinner who, from a single pound of 
raw cotton, could produce a thread one hundred and fifty miles 
long, as can the mnle-jenny 1 

1 am not ignorant of what eertua nwraHsts have said about 
the nselessness of muslins, laces, and tulles, which these slen- 
der threads are employed to manufacture ; but 1 need only 
remaric, that the most perfect tnvle-jmmM require the con- 
tinued superintendence of a great number of workmen ; that . 
the only object with them, is to mann£icture productions idiioh 
will sell ; and that, finally, if luxury be an evil, a vice, or even , 
a crime, it should be ascribed to the buyers, and not to the 
poor workers, whose means of existence, I believe, would be 
hazarded, if they employed their strength in making for the 
ladies, coarse stuffs, instead of fashionable tullra. 
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Let ua now, however, leave these details, and oome to Uie 
easential merits of the qaeition. " We miut not,^ said Marotui 
Aurelius, " receive the c^inions of our fathers, as do mere 
infants, for the simple reason that our parents held them." 
This assuredly just maxim should not at the same time pre- 
vent us from thinking, or, at all events, from presuming, that 
those opinions, concerning which no objection has been raised 
since the origin of society, are conformable both to reason 
and general interest. Well, then, upon the opinion so much 
debated concerning the utility of machinery, what were the 
unanimous sentiments of antiquity \ Its ingenious mytho- 
logy will inform us. The founders of empires, the first <£ 
legislators, the conquerors of those tyrants who oppressed 
their oonntry, received the qualified titie of demi-gods ; and it 
was among these same gods that were placed the inventors of 
the spade, the sickle, and the plough. 

But instantly, I hear someof ouradversariesdeolaimingabont 
the extreme simplicity of the instnunents I have cited, — ^refus- 
ingthem the name of machines, — designating them mere tools, 
and obstinately entrenching themselves behind this distinction. 
To this we might reply, that such a distinotion is pnerile ; 
and that it is impossible to say with precision where the to(d 
ends, and the machine begins. It is of more importance, how- 
ever, to remark, that the murmurers against machines have 
never said one word of their greater or less degree of oomphoSr 
tion. If they reject them, it is because, by their means, onewoi^- 
mna performs the labour of many ; and will they venture to 
m.iintain that a knife, a gimlet, a file, or a saw, does not pve 
a uiarvdlous faciUty of action to the man who uses them ; and 
that his hand, so supplied, can do the work of many hands 
armeil only with Uieir nails. 

Those labourers were not arrested by this sophistical distinc- 
tion between tools and machinery, who, seduced by the execra- 
ble theories of some of their pretended friends, ran throng 
certain counties of England, in the year 1830, vociferating 
Death to machinery / Rigorous logicians, they broke the sickle 
in the farm-yard, destined for reaping, the flail employed in 
thrashing, and the sieve with which the grain was cleaned. 
Who can deny, that the sickle, the flail, and the sieve ars, 
ia truth, means for abridging labour i Not even tlw spade, 
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piek-^e, plongh, and drill«r, found favonr with this blind 
herd ; and, if ooe thing in the history of this mania utoniahed 
me more than anoUier, it was, that they spared the bonea, 
which, in reality, are a kind of machinet, kept up eomp&ratively 
at a cheap rate, each of which daily executes the woric of six 
or seven labourerc. 

Political economy has now h^>pily token ite [daoe among 
the soieooefl of obserration. The experiment of the substitu- 
tion of machinery for manual labour has now so frequraitly 
been resorted to, that we can draw general remits, though not) 
pwhaps, quite free from aocidentaJ irregularities. These re- 
sults ve as follows :-» 

By saving the labour of man, machinery effects a reduction 
in price. The effect of this reduction is increased demand ; 
and to suoh an extent, so great being onr desire to improve 
our condition, that, in spite of the almost inconc«vable re- 
duction of price, the pecuniary valne of the total merchsmdiie 
produced, every year surpasses what it was previous to the 
introduction of these improvements, and the number of work- 
men which diese employments require, intiremm with the in- 
troduction of the means of more rapid fabrioation. This last 
resnlt is precisely the opposite of that vdiioh the adversaries 
of machinery predict. At first sight, the fact appears paradoxi- 
cal ; but, notwithstanding, it is demonstrated bey(md dispute, 
by an exiuuination of the most satisfaetorily determined results. 

When, three centuries and a half ago, the printing-press 
was invented, copyists supplied books to the very small num- 
ber of the wealthy who could affi>rd this very expensive gra- 
tification. A sin^ individual of these copyists, by means 
of the new invention, being able to acoomplish the work of 
two hundred, they did not fail at the time to characterize 
it as an tn/amal invention, which, in a certain class of so- 
ciety, would reduce to beggary nine hundred and ninety-five 
persons out of every tbousuid. Let us compare the actual 
results, with this sinister prediction. 

Manuscript books were little in demand ; printed books, on 
the contrary, on account of their very low price, were sought 
after with the greatest avidity. The great works of the prin- 
oiptd Greek and Boman authors required to be reproduced 
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mngljr. New ideaa and new opinioiu gave rise to a mul- 
titude of worka, some of an eDduring interest, whilst othen 
were colled into eziatenee by passing eTenta ; so that, it has 
been calculated that, in Loudon, previoua to the invention of 
printing, the trade in books afforded oconpatioa to aboat two 
hundred individuals, whereas, now, there are, eKgaged m it, 
tetit of tiousandi. And wliat would be the resnit, if, laying 
aside the restricted and, so to speak, the maUrial view of the 
subject, we regard printing in its moral and intellectoal as- 
pects ; if we exMuined its influenoe upon public manners, upon 
the diffusion of knowledge, and the progress of the human 
mind ; if we could count the nomber of volumes for which we 
are indebted to it, which the copyists would oerttunly have 
despised, but from which genius daily draws forth the elements 
of its best and most pregnant conceptions i However, I most 
not forget tiiat the qaestion before us, regiwda the number of 
woricmen employed in tlie different branches of industry. 

The manufaotnre of cotton presents us with resulbs still 
more remarkable than those of printing. At the time when 
an ingenious barber at Preston, by name Arkwri^t, who left a 
fortune of about one hundred thousand pounds a-year to his chil- 
dren, rendered the substitution of turning rollers for the spin- 
ners'' fingers, useful and profitable, the annual product of the 
cotton manufacture of England did not amount to more than 
L^000,000, now it exceeds L.37,000,000. In t^ connty of 
Lancaster alone, there is delivered, every year, to the manu&c- 
tnrers, a quantity of cotton thread, whicA twenty-one millions 
of expert spiimers could not prepare by means of the iqiindle 
and distaff*. Now, although, in the art of preparing this thread, 
mechanical means have been carried to th^ extreme limits, a 
million and a h^ of workmen find daily employmmt, where, 
previous to the inventions of Aritwright and Watt, there were 
not fifty thousand employed.* 

A certain philosopher has exclaimed, Nothing new is now 

* Mr Edward Btinea, the author of an esteemed work upon the hirtoiy of 
the cotton mBnnfWctore In Britain, has had the eingalar cnriodtj t« oal- 
vnlate the length of the thread which is annnslly employed in the fithrio*- 
ti<Hi of cotton goods, and has fonnd that the total length equals fiftf-one 
timet the distance of the inn from the earth (fiflj-one timet thir^-nine 
i lUooa of leases), or about two tbooMod ndlHons of iMynca. 
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published, unless that which has been long forgotten be called 
Buoh. If he intended hia remark to apply only to old errors 
and prejndices, there would be some point in it ; for all ages 
have been so fertile in this way, that no one can now have the 
advantage of priority. For instance, the pretended philan- 
thropiata of our day have not even the merit (if merit there be) 
of having invented the system I am now examining. For 
behold poor William Lea exhibiting the first stooking-frame 
in the presence of King James I. The mechanism appeared 
admirable; why then reject it t Simply from the pretext, that 
the working classes would suffer. Nor was Franco u whit wiser 
than England. I^ea found no encouragement there, and he 
died in an hospital, like so many other men of genius who have 
had the misfortune to advance beyond their age. 

It should here be observed, that a person would very much 
deceive himself if he supposed that the stocking-knitters, of 
whom William Lea thus became the victim, were a numerous 
body. In the year 158S, none but individuals of high rank 
and hirge fortune wore stockings. The middle classes, instead 
of this part of our clothing, wore tight bandages of various 
stuffs. The rest of the population, that is to say, nine hundred 
and ninety-nine out of every thousand, went bare-legged. Now, 
on the contrary, out of a thousand individuate, there is not 
perhaps more than one who is not able, owing to their extreme 
cheapness, to provide a pair of stockings. And hence, an im- 
mense nomber of workmen in all countries, are engaged in this 
kind of manufacture. 

Were it at all necessary, I might add, that, at Stockport, 
the substitution of steam for the labour of the hands in the 
manufacture of lace, has increased the number of workmen 
engaged in this branch of manufacture, and this to the ex- 
tent of one-third, in a very few years. 

We must now, finally, drive our adversaries from their lost 
retreat, for they must not be allowed to say, that we have ad- 
duced our proofs solely from antiquated aubjeota of human in- 
dustry. We accordingly remark, that their lugubrious anticijAi- 
tions respecting the recent engraving on steel, were not a whit 
less wide of the mark. A copper-plate, they obierved, cannot 
produce more than two thonsuid impresuons. A steel plate, 
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vhioh can supply a hundred thousand, without wearing, will sop- 
jJant fifty flopper-plates. The plaineiit arithmetic, therefore, 
they contended, demonstrates that the majority of flngr&- 
Ters (forty-nine out of the fifty), will be forced to leave their 
benches, — to throw away their graver for the trowel and the 
pick-axe, or to implore charity on the public ways. For the 
twentieth time we beseech you, anticipators of evil, to remem- 
ber the principal element of the problem ye pretend to solve ! 
— consider the insatiable desire of wellbeing which nature baa 
imphmted in the hetut of man ; — think that the gratification 
of one want whets the appetite for the satisfaction of another, 
— ^that our deeirea increase with the cheapness of the supply 
which supports them, and to such an extent as to defy the 
creative energies of the most powerful machines. 

But to retom to engravings. The immense majority of tJie 
public never thought of them when they were dear, and when 
cheap, they are in universal demimd. They have already be- 
come the ornaments of our best books, and they confer on 
second-rate works the beet prospect of sale. Even in our al- 
manacs, the antique and hideous representations of Nostra- 
damus and Mathieu Laenaberg have^ren place to picturesque 
views, which in a few seconds transport our immoveable ci- 
tizens from the banks of the Ganges to those of the Amazon, 
— from the Himalayas to the Cordilleras, — from Pekin to New 
Tork. Behold too, the poor engravers whose ruin was so pi- 
teously foretold. They were never so numerous — never so well 
employed. 

All these are unanswerable facts ; and from them one con- 
sequence most assuredly does not follow ; viz. That in the world 
we live in, among its inmates, sncfa at least as nature has 
created them, the employment of machinery diminishes the 
number of workmen required in the several branches of in- 
dustry. With other habits, manners, and passions, a different 
conclusion mipht be reached ; but the probabilities on this sup- 
positioD may be left to be wrought out by those who speculate 
upon the domestic economy of the inhabitants of the Moon, 
Jupiter, or Saturn. 

Confined within much narrower limits, I inquire, — K, after 
having thus sapped the very foundaticn of the syctem of Ae 
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<^poiients of machinerjr, H be at all aeoeesary to glance at some 
minor points, whioh have been mixed up with the oonndei^ 
atioD of the subject ! The Poor Law of England is the most 
important of these : but, from this bleeding wound, the nar 
tion has suffered sbce the days of Queen Elizabeth; and 
surely it is absurd to ascribe to the abuse of maobinery, an 
evil which took its origin, and luxuriated for a^es, before the 
labours of Arkwright and Watt were ever heard of. But you 
must oonoede, it will be answered, that the steaoi<enf|^ne, and 
the mulfrjenny, and the carding-machioe, and the printing- 
press, &e., these objects of general predilection, have at aO 
events aggravated and extended the evils of pauperism ! Far 
from it. For what are the facts ! First of all, machinery 
has never been represented as a universal panacea. It has 
never been alleged that it possessed the unheard of power of 
dispelling error and passion from political assemblies ; that it 
oonld direct the counsellors of princes in the paths of modera- 
tion, wisdom, and humanity; that it could have prevented 
Pitt from unceasingly intermeddling with the Attain of other 
countries — from every year resuscitating, in all quarters of 
Europe, the enemies of France, — from subsidising them with 
immense sums, and thus overwhelming England with a debt 
of hundreds of millions. This is the eause why the poor-law 
tax has so rapidly and so prodigiously increased. Machinery 
has not, Mid could not produce the evil. On the other hand, 
it bos done much to moderate it, — an assertion which may 
be proved in few words. Lancashire is the most mannfac- 
toring county of England. In it are situated the towns of 
Manchester, Preston, Bolton, Warrington, and Liverpool. 
Here, we say, machinery has been most rapidly and most 
generally introduced ; and with what effect P If we compare 
the total annual amount of the poorlaw tax in Lancashire, 
with the amount of that raised throt^hout the country, and 
ascertain the share of each individual, we find that in this 
county it unounts to only nie-third of the mean piud in the 
other counties i These cyphers, then, give no quarter to the 
allegations of syatem-mabers. 

Nor should the high-sounding words so often used by oer- 
tun dediumen about the poor-laws, induce us to suppose that 
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the labonnng' «UaBe« among oar nei^boim are wholly de- 
prived of forethought and resources. A publicatioii of very 
reoeot date has shewn that, in England alone (Scotland and 
Ireland being omitted), the capital belon^g to operatives 
in the Savings-Banks now amoonts to abont uxte^ millions 
Sterling ! And the results observed in the principal towns 
are not less inttmctive. 

There is one principle which has remained uncontroverted, 
amidst the animated controversies to which the science <^ 
political eooncHny has ^ven birth, viz. that population in- 
creases with general prosperity, and rapidly diminishes in 
times of wretchedness.* Now, let us place facta in juxtapo- 
sition with the principle. Whilst the mean population, during 
the last thirty years, has augmented in the ratio of 50 per 
cent., Nottingham and Birmingham, two of the most manu- 
facturing towns, exhibit increments of 75 and 90 per cent. 
Finally, Manchester and Glasgow, which occupy the first rank 
in the British Empire for the number, size, and importanoe 
of the machines they employ, in the same period of thirty 
yearn, have seen their population oogment 150 and 160 per 
cent. ; an amount three or four tJmes greater than in the 
agricultural counties, and in those towns which are not manu- 
facturing. These figures speak for themselves, and there is 
no sophistry, or false philanthropy or eloqaenoe, that can re* 
sist them. 

One chief objection brought against machinery 1 cannot 
disregard. At the moment that new improvements are intro- 
duced, and when by their means manuiU operations are very 
extensively superseded, certain classes of workmen suffer 
from the change; — their honourable and laborious indus- 
try is annihilated at a blow ; and those who, according to 
the previous method, were the most expert and deserving, 
being deficient of the qualifications which the new plan re- 
quires, are thrown out of employment, and con but rareJy 
find other means of subsistence. These reflections are jost, 
and I may add, that the melancholy consequences to which 
they refer, must frequently occur, for the mere caprices of 

* To this general rale IreUod is ut exception; the ttiuae of thie, how- 
erer, is weB known. 
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fashion often in this way prodnce extensive wretchedneBS. 
If, then, I do not benoe ccmclude that die world remain 
stationary, bat still desire advanoement in the general pro- 
gress of society, I am far from maintaining that we should 
be indif^ent to the indiridnat sofl^rings, of which this pro> 
gress is the momentary cause. The anthorities, always 
watching for new inventions, seldom ful to reach them with 
their ftKsX regulations. Wonld it be too mnch to ask, that 
the first contributions levied on the successful exercise of 
genius, should be appropriated to the opening of spacious 
workshops, in which the workmen deprived of employment 
might for a time find occupation suitable to their powers 
and intelligence \ This course has sometimes been followed 
with success, and why should it not be generalized P Hu- 
manity demands it as a duty ; sound policy dictates it ; and, 
were other inducements neoessary, sad events, whoso history 
is not yet foigotten, strongly recommend it on economical 
grounds. 

To the objections of the theorists, who apprehended that 
the progress of machinery would reduce the working classes , 
to a state of total inactivity, have succeeded difficulties of 
quite a different character, on which it seems indispensable we 
should for a few moments dwell. 

By superseding, in our manufactories, every exertion of 
great masonlino strength, machinery permits the introduction 
of a great number of children of both sexes ; and the cupidity 
of their parents has a tendency to abuse the opportunity. 
The hours of labour are made to surpass all bounds ; and, 
for the daily bait of a few pence, minds, which education 
wonld enlighten, ore sacrificed to enduring brutatization, 
whilst the bodily frame is blighted for want of that develop- 
ment which the enjoyment of the air and sun rarely fails to 
bring ^ong with it. Under these oircumetances, to insist that 
the Legislature should pat a stop to this shameful oppression 
— to urge forward measures calculated to contend with the 
demoralization which is the usual consequence of numerous 
meetings of the young persons employed — to endeavour to in- 
troduce, and multiply in our cottages, various implements, by 
which, according to the season, the labours of agricoltotQ might 
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be a«0Oei»ted with tboee of the artiBan, thia would be patriotiaHi 
and humanity, this would be to understand and supply the real 
wants of the working classes. But, on the other hand, to persist 
that the vast labour, which machinery can efleot in a moment 
and cheaply, shall be performed, at a great price, by tlie toil of 
man's hand and the sweat of his brow — to assimilate the 
workman to the brute — daily to require from him exertions 
which ruin his health, and which science can obtain to the 
extentof a hundredfold, by means of wind, and water, aud steam, 
this would be to recede from the grand object we have in liew. 
It would be to abandon the poor to nakedness ; to reserve a 
thousand enjoyments exclusively for the rich which are now 
oommon to all. It would be, in short, to return again to the 
ages of ignoraooe, barbarity, and wretchedness. 



Additional Notes to M. Art^^t Memoir ofJamea Watt.* 

" JamM Wm, the/other qfthe Mltbnted enginttr," (p. 8S3.) We find 
in the minutes of the Town-Council of Greenock, under date of 3d June 
1774, that Mr Wntt then gave in his resigoatjon of the office of a manager 
and councillor, upon whioh, the meeting of the maj^trates and coun^ 
returned him thanks for the many good services he had done to the com~ 
raunitj. 

" He eombined three ktndt of oeeupation," (p. 223.) He was also agent 
to the late Lord Cathosrt in the management of bis propeitj at Oroenock, 
who, upon Mr Watt's death, bore honoutable testimon]' to his memot; 
in a letter to his son. 

" Wat then trging to tolM a problem qf geometry " (p. 224.) Upon this 
occasion Ui Watt's friend put various questions to the boy, and was asto- 
nished and gratified with the mixture of intelligence, quiokuess, and sim- 
plicity displayed in his answers. 

" A imaB eleclrieal machine," (p. 224.) This must have been about the 
years 17W~S3, It will be recollected that the Leyden Phial was invented 
in the years 17«-*6. See Priestley's Hbt. of Electricity, p. 80, ed. 1769. 

" The XiuAiM qf Marty," (p. 227.) This machine was vected at the 
village of that name on the Seine, to raise water for the town and water- 
works of VersBJlles. Thia was eflbcted by means of fifteen large water- 
wheels, and a series of pumps, pipes, cranks, and rods, remaAable for 
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a«ir Mmplexitj' ud the utAm tliey made in working', uid wbioh well 
vieiDplifledtliepiOTeTb, "twaiuvupdsiruUjpetKfeteM^nc" Inl786-87, 
Hi Wett and Ht Boulton proceeded to Puis at the instance of the French 
Ooveminent, to suggest impTOTcmenti on this machine, which were not 
carried into effect in consequenceof financial difficulties, and the dismissal 
of the ministry. Since then, a steam-engine baa been erected hj the 
French to do part of the work ■; and two of the wheels, with their appa- 
ratus, are all that remain of this eomberaome machinery. 

" Adam Smith, Black,* md Ritbtrt Simwn" (p. 238.) Dr Dick, the pro- 
ieMat of Natnral Philosophy, might also, witli propriety, have been in- 
cluded in this number. Hr Watt and Mr Robison were always aocus. 
tomed to speak of him as a most able inan. He was also Mr Watt's 
■trennous friend ; and it was through his recommendation that he went to 
Ht Morgan. 

" He made out Ihe teak qflemperament," (p. SSO.) See the article Tem- 
perament m the Encyclop»dia Britannica, which is given in Brewster's 
edition of Rohisou's Mechanical Philosophy, vol. iv. p. 412. 

" Atwthtr and a ilill more tn^mrlant change introdueed by Captain Sa- 
very, mill more appropriately find a place in the remark* ae ehail pretenlly 
devote to the labour* o/Papin aitd Nemoomen," — (p. 242.) 

We do not find, however, that &rthcT mention is made under the beads 
referred to, of any other improvements by BsTery. But the fact b, that 
Bavery's engine consisted of two distinct prtnirfpler ; rusing water by the 
eondtneation ofeteam, and likewise bj the eaparuive power (ffiteam. The 
■team from the detached boiler was let into a vessel called a receiver, and 
having driven out the air, was condensed by the affusion of cold water, 
and a partial vacuum formed. A communication being then opened with 
a suction-pipe. 24 feet in height, the lower end of which was placed in a 
cistern or retervcnr of water, tliat water was forced upwards, by the pres- 
sure of the atmosphere, into the reoeiver. When nearly filled, the com- 
munication with the EUcUon-pipe was shut off, and the steam readmitted 
into the receiver, and by its expansive power, forced the water contained 
in it up an ascending, or as he called it, a force pipe. This second ope- 
ration is similar to that indicated by Solomon de Caus and bj the Mar- 
quis of Worcester, but which, as far as is certainly known, Saveiywas 
the first to practise. The prior operation, that of raising the water into 
a vacuum formed by the condensation of steam, we believe to have been 
original with Savery. For aJthoiigh Papin described in tbe Acta Ervdt- 
lorum of Leipzig for 1690, the condensation of steam in a cylinder hav- 
ing a pis>tin, it was a different application of the principle ; and it is not 
likely that Savery knew of it when he invented his engine in 1^96, or 

* An intcf eating letter by Watt, containing an aeooontof hiicannection with 
Dr Black aad Proftssor Robisoa, as irell M remarks on the origin nf hii im- 
provements upon the Steam-Eogine, will b« i6und in ths Edinbuixh Phllesophi. 
calJonmal, vol. it. p. li.— BniToa. 
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periiaps sooner. Indeed, Ptpin had the candour to aoknowled^, njv 
Bobiton, that the invention wm made without oommuDication with him. 
When ve eonsider the whole of the contrivance! invented bj Bavet;, in- 
eluding the separate boiler, we cannot but accotd him the ptwe of veij 
^roBt ingMiuilf, independent ot the merit of having made tm nm 

WOUCmO STBAM-BKOIXa. 

" The Miner't Friend." (p. 243.) Mr Robert Stuart, p. 34 of his His- 
tory of the Steam- Engine, 1824, says, quoting from Bobison, " Savery ob- 
tained hiapatent in 1B98, after ahesring of objectiooB, * * but, besides 
this, he had erected several of hia engines b^re he obtained hia patent, 
and," continues MrStuart, "published an account of his engine in 1696, nn- 
derthe title of " The Miner'* Friend," and "a Dialogue" by way of answer 
to the objections which had been made against it; both were print- 
ed in one volume in 1702." We have not seen the publication of 
16D6 ; but we observe that in that of 1702, he says he worked a small 
model before some members of the Royal Society 14th Jane 169S. 

" Thi* problem," &c., (p. 262.) See Mr Watt's ovrn interesting account 
in Brewster's edit, of Itobison's Heehanical Tracts, vol. iL, Steam-Eatine, 
pp. 113 to 120. 

" ffeencloted Ihi metatiie cylinder" &c., (p. 264.) Ht Watt's words, in 
his spectflcatioD of 1769, are, " first, by enclonng it (1. e. the cylinder) in 
a case of wood, or anyothermatcrials that transmit heat slowly; secondly, 
by surrounding it with steam, or other heated bodies; and, thirdly, by 
suffering neither water, ot any other snbetance colder than the steam, to 
enter or touch it during that time." In pobt of pracUee, he surrounded 
(he cylmder with a metallic case containing steam, which he again pro- 
tected by a covering of wood, or other matterswhicheondtiet heat slowly. 

" There Kot no need ^calling in &eiu»ittanee of Jamei Wdtt,"{p.2B6.) 
We cannot think that these were such trivial matters as they may appear 
to one conversant with the present state of civil-engineering ; for be it 
remembered, that they were the performance of a young and sdf-tanght 
engineer, at a period when such operations were only beginmng to be car- 
ried on by a Brindley and a Smeaton. 

" The eelebrated Burhe," (p. 2S&.) Mr Burke's opposition is believed 
to have arisen, not from any hoatjlity to Mr Watt ot his patent, but aim- 
ply ttom n sense of duty in defending what he conceived, or what were 
represented to bim to be, the claims of a constituent. 

" Bavtton and Watt reeeivai the third part of the valve," &c., (p. 298.) 
Stipulated to receive, but, in &ct, did not receive neariy that proportion. 

" The eolation icA{c& he gave" &c., (p. 281.) Mr Watt's own words 
ate, "Itoccurred to him, that if some m^ehaDlsm could be devised moving 
upon centres, wbicli would keep the piston-rods perpendicular, botli in 
pushing and pulling, a smoother modon would he attuned, and, in all 
piTibability, the parts would be less subject to wear." 

" The principle (tflkeespmuim <tfeteam," &c., (Note, p. 263.) Tlie foU 



o^lc 



M. Aragtft Mtmeir t^ James Watt. S13 

lowing; ia the j iM a g c in (be lettei to Dr SdlJI, refemd to by H. A»go, 
The letter u dsted 28th Hay 1709. 

" I mentioDod to joa & method of ■till donbling the efl^t of the ete&m, 
Knd that tolenUf eacy, by nitng; the power of ileam nuhiog into a 
▼acuoiD, at preaent lost. This would do little mora than double the 
efeot, but it would too much enlarge the vestels to um it «U. It is pecu- 
liarly applicable to wheel-euf^ea, and may supply the want of a con* 
denser where force of atesm only is used ; for, open one of the steam 
Talve^ and admit steam until one-fourth of the distance b etween it and 
tbe next valve is filled with steam ; shut the valve, and the steam will 
oontinue to expand, and to press round the wheel with a. diminiabing 
power, ending in one-fourth of its first ezetUon> The sum of the aeries 
yon will find greater than one-half, though only one-fourth steam was 
used. The power will indeed be unequal, butthis can be remedied 
ty a fig, or aevend other ways." Bee Edin. Benew for January 1809, 
p. 320. 

For a fall account of Mr Watt's Expansion Engine, and of his patent 
of I7E&. see Bobiron, SUam-Englne, pp. 126 to 131, and still more pni- 
Ucularly, Farey, " Treatise on the Steam-Engine," pp. 339 to 3A2, where 
extracts ttmn the specification ara given. 

(Note on p. 204.) We cUim also fot 111 Watt the first application 
of the crank tO'Cnginea producing rotatory motiotu. (Bee Edin. Re- 
view for Jan. 1809, p. %1, and Robison, Steam-Ettgine, p. 134) And 
to him we are indebted tbr tbe beautiful contrivance of the mm and 
planet wheels, now little used, but of which we refer our readers to an 
excellent instance in the steam-engine of the brewery of Hesan Whitbtead 
and Co. in London, where it has been in anccessfal operation for up- 
wards of fif^ years. And there are many others. 

" TU eopytng-pntt." (p. 266.) For a copy of Mr Watt's specificn- 
tion of this patent, with engisTings of the machines, see the " Repertory 
«f Arts and Uasufiutures," vol. i. 1704, p. 13. 

" Heating bg Steam." (p. 26A.) The most deUuled account of Mr 
Watt's proceedings in the application of this must usefiil principle, is to 
be found in the prefiue to Buobantut on " the Economy of Heat and 
Management of Fuel." 

" Waa has bem forgott^." (p. 267-) This is not qiute correct in 
point of fitct. Mr Watt's claims aie accurately set forth in an able and 
impattial artlole on Water, in tbe edition Ol the Enoyclopndia Britan- 
nica published in the year 1797. There is a very short account of the 
matter in Murray's Chemistry, ed. 1806, voL 11. p. 1C6 ', and a most im- 
perfect one in Nicholson's Chemical Dictionary, fint edition, 1795, article 
Water, and Thomson's Chemistry, second edition, 1804, vol. i. p. 677, 
in all of which, however, the merit of the discovery is more or leas at- 
tributed to Ui Watt. 

DL|,l,zedl!,G00glc 
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But SI fiu sa the French chemuti tx* oonoemod, U. Ango's itatanirat 
ia litenUj true. Fourcroy, in his Toluminoue work, " SjatSme de* C<»- 
iuU>H)c«a Chiiniquu," published in ISOl, Appeui itndionaly to hftve 
«Toided the vety mention of Mr Watt's name, sllhongfa be could not but 
b« ocqiuuntcd with his paper in the Philoaophical Truusctioiu for 178^ 
and had aeen bint at Pui« in 1?87, in the tociet^ of his Mends Bertholl«t, 
l«place, Ii(ong«, nnd Lavoisiet, by all of whom Mi Watt'g meriln were 
appreciated. Cuvier, probably misled by this authority, g'cit* the disco- 
very to Cavendish and HoDge, at p. 07 of his " Bapport Historique sur 
le« ProgT^s des Sciences Natuielles," which was presented to Napoleon 
by the Institute in 1808, as well as in his Eloge of Fourcroy, read 1811, 
and of Cavendish, read 1812. 

We take tliis opportonity of noticing that the vritet of the life of WMt 
in Brewster's Encyclopedia, so late as 1830, baa made assertions &voat» 
able to Cavendish's clainia, founded on a peruaal of the papers he hu 
left. His Grace the Duke of Devonshire, as the representative of Hr 
Cavendish, granted permission to examine these papers. This was done 
by those eminent chemical philosophers, Mr Charles Hatchett and Hr 
Biaodc, who found nothing in them confirmatory of Mr GaTeDdiabs 
claims to the priority of the theory, which rests, as before, on the publiA- 
ed papers of Mr Cavendish, Mi Watt, and Sii C. Blagden. 

Warltirt (p. 269.) M. Arago has omitted to state, that Mi Wailtire, 
in his letter dated Birmingham 17th April 1781, afler relating hia own 
experiments in the metal ^obe, goes on to say, " 1 have filed air ia 
glass vessels since I saw you" QDr Priestley] " venture to do it, sod 
have observed, as you did, that though tlic glass was clean and dry 
before, yet after firing the lur it became dewy, and was lined with a 
sooty substance." This proves Dr Priestley to have first made the ex- 
periment in gbss vessels, aa well as to have first noticed the dewy de- 

" Letter from WaU to Dduc"—(^. 270.) See Phil. Trans, vol.lixiv. 
p. 330, and paiUculaily Mi Watt's note at the foot of that page. The 
note is aa follows : — " This letter Di Priestley leceived at London, and 
after shewing it to several members of the Royal Society, he delivered it 
to Sir Joseph Banks the President, with a request that h might be read at 
some of the public meetings of the Society; but before that coald be 
complied with, the author, having heard of Dr Priestley's new experi- 
ments, begged that the reading might he d^yed. The letter, tberetbn, 
was reserved nntil the 22d of April last [1784], when, at die author's i»- 
qnest, it was read belbie the Society. It has been judged nnneeessaij 
to print Uiat letter, as the essendal parts of it are repeated, almost vtr- 
batim, in this tetter to H. Dehic ; but, to authenticate the date of th« 
author's ideas, the parts of it which are contained in the pieaent letter 
are marked with double commas." '\ 

" UTisquantit/d'eau trU tetuibte." — (p. 271 .) Lavoisier's paper, in which 
these words occur, appears at p. 472 of that Tolume of the " M^moirea 
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de YAendtmiedea Sciences," which is entitled "Pout I'Annfa ITSli" 
bnt wfaidiirMnotpriiitvdtin theyewlTSi. The papet wu read on th« 
llthofNoT«mberli89. 

" About Uie tanu lime," ifc. — (p. 272.) See BUgden's paper in Crell's 
Jonraal, vol. i. 1786, p. 69. It is, on manjr accovmts, a veij remarkable 

" Dm jaiotu." — {p. 274.) The words in the original letter ue these: 
" Je Tons conseillemi preaqne, attendu Totre position, de tirer de tos de- 
couvertes des consequences pratiques pour votre fortune. II tous &ut 
eviter de Tons bire des jalooz." 

PriMtfey"* LHUt of ZIM* April 1783.— <p. 276.) Mr Watt, in his re- 
plj to the above letter, uses these fordble expressions : " I deny that 
your esperinient ruins my hjpothesis. It is not founded on so brittle a 
bans as an earthen retort, nor on its converting water into air. I founded 
it on tlifl other Acta, and was obliged to stretch it a good deal before it 
would fit this experiment * • * I maintain mj hypothecs until it 
shall be shewn that the water foimed alter the explosion of the pure and 
inflammable air has some other origin." 

" Qf wMflA it apptand that the preftU muet be very yreo(."— (p. 276.) 
This, no donbt, is the point of view in which it would strike abstract men 
of science, such as Berthollet and Arago. But in this manu&ctnring 
countr;, we well know that the noTelty and higenuity of a process are 
not of themselves sufficient to ensure a beneficial result ; and, indeed, in 
the case of the very process in quealion, it happened that the first mann- 
fiactuiers who attempted to carry it into e&ct on a large scale, were 
rained by it. 

" Qfthi* marriage lliert were bom JburehiIdren,iiBoeem and tiBOdati^ 
lert." — (p. 278.) Two of these died in infancy ; a daughter married Hi 
Hiller of Glasgow, and has left issue. The present Mt James Watt is 
the gentleman mentioned by M. Arago in various parts of this Eloge. 

" 71ie noble feature* of lite eld man."— (p. 284.) The thou^tfiil cast of 
his features was so remarkable, aa to draw from Ids friend Mr Richard 
Sharp, of conversational &me, the playful observation, " I never look at 
Hr Watt's oountenauce without &ncying I behold the peisonificadon of 
abstract thought." 

"' Th9 mmting vhidi agreed to the ereetUm of iSe Statue in Weetmiiuter 
Abbeg." — (p. 292.) This meeting was held at Fieemaaons' Hall, on the 18th 
June 1824. Besides those quoted by M. Arago, the speeches delivered on 
the same occarion by Lord Broughun, Lord Hatherton (then Mr Littleton), 
Sir Bobert Peel, the £arl of Aberdeen, Mr Frankland Lewis, Mr Wedge- 
vrood, and Mr Wilberlbree, are not less distinguished for the testimony 
irhich they bear to the merits of Mr Watt, than for tfacjt own dignified 
and touching eloquence. And it is at once most interesting and most 
gratifj^g to find among the list of eminent persons by whom this great 
national tribute was so ably supported, the name of the present Mr 
BooItoD, long the imooaMte mi intimte fldoiid of Mi Watt. [ 
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Bi»toriealMcouHt(^the THaeoteryof the ConqiotUien c/WiOer. 
By the Right Hon. Heitkt Lord Bbougiiah, P. R S,, and 
Member of the National Institute of France. 

Thbu can be do doubt TbateTertbst the experiment of MrWarltire,* 
related in Dt Priestley's fitb Tolumej gave rise to tbis inqniiy, at least in 
England ; Mr Cavendisb expieMly refers to it, as haTiug set him Qp<m 
making his experiments. — (PUl, Trans. 1784, p. 128.) The espetimeBt 
of Mr Warltire oonsiated in firing by electricity a mixture of infiammablc 
and common air in a close vessel, and two tilings irare said to be ob- 
served ; firri, A sensible toss of weight ; tecond, A dewy deposit on the 
■ides of the vessel. 

Mr Watt, in a note to p. 332 of his paper, Phil. Trans. 1784, inadvet- 
tendy states, that the dewy deporit was first observed by Mt Oavendish ; 

■ Hr Warltire^ letter ii dated Birmingham, 18th April 1781, aad was pub- 
Ibhed by Dr Prle«tley la.the Appeodix to the Sd Tol. ef his " Experimenla and 
ObMrration* ralatingto varioui branchca of Natural Philosophy ; with ■ Eonti- 
nuatioaoftheObaarratioDion Air," — fonning iniact the Sth volume of hit " Ex- 
periment! aad Obaervatioug oo different kindi of Air," printed at BiimiDgham 
in 1781. ' 

Ur Waiitlre'l flnit elperimenti were made in a copper hall or flaak, *hicb. 
held three vine pinta, the weight 14 oi.; and bf* object was to determine " whe- 
ther heat i* heaij or noL" After rtating his mode of mixing the ain, aod at 
adjoating the balanca, he Myi be " always accurately balanoed the Bade of 
common air, then found the difference of weight after the inflammable air wa> 
introduced, that he might be certaia he bad confined the proper proportion of 
each. The electric sparic having paswd through them, the flaik became hot 
and was cooled bf expeeing it to the common air of the room : it wa* then hung 
up again to the balance, and a lou of weight wai alwayi found, but not con- 
stantly the tame; upon an average it waa'lwo graina." 

He goes on to laj, " 1 bare fired air ia glaM veweh, dnee I nw jon (Dr 
Frieatley) vanture to do it, and I have obaerved, m ym Jid, that, thougib the 
glaM «a> clean and dry before, yet, after firing the air, it became dewy, and wa> 
lined with a sooty lubatance." 

As you are upon a nice balancing of elainu, ought not Dr Prieatley to have 
the credit of finl noticing the dew f 

la some remarks which follow by Dr Prieatley, he confirms the lotiof wnigfat. 
Bad adds, ** J do not think, bowaTar, that so very bold an opinion, ai that of tba 
latent beat of bodies contributing to their wei^t, should be received without 
more experiments, and made upon a still larger scale. If it be confirmed, it 
will no doubt be thought to be a fact of a very remarkable nature, and will do 
the greateat honour to the sagacity of Mr Warltire. I must add, that the mo- 
ment he saw the moisture on the inside of the close glass veiael in which I af- 
terwards fired the inflammable air, he said, that it confirmed an opinion he had 
long oitertmned, vit. that e^nmon air deposits it* moisture when it is depUo- 
gisticated." 

It seems evident, that neither Ur Warltire, nor Dr Priestley, attributed the 
dew to any thing else than a mechanical deport of the motitiire suspended in 
amnmon air.-^Nora bv Mr Jahm Wan.) 
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but Hr Cavendisb hinuelf, p. 127i ezprasslr lUtes Mr Waritiie to bave 
obaerred it, and dtcs Di Prieatle/s Sth volume. 

Mr Cavendish himself oonld find do lots of weigbt, ftnd he says that 
Di Priestley bad also tried the experiment, and found none.* But Ht 
CaTendisb found there vaa always a dewy depont, without any sooty 
matter. The lesult of many trials was, that common ut and inflammable 
air being burnt together, in the proportion of 1000 measures of the former 
to 423 of the latter, " about one-fifth of the common air, and nearly all 
the inflammable lur, lose their elasticity, and art eondtnttd into the dea 
which lines the glass." He examined the dew, and found it to be pure 
water. He therefore concludes, that " almost all the inflammable air, 
and about one-nxth of the common mr, are turned into pure water." 

Mr Cavendish then burned in the same way dephlogtsticated and in- 
flammable aiiE (oxygen and hydrogen gases), and the deposit was al- 
ways more or less acidulous, accordingly as the ait barot with the in- 
flammable air was more or less phlogisticated. The acid was found M 
be niuous, Mr Cavendiki states, that " almost the whole of the inflam- 
mable and dephlogiaticated air if oonverted into pure water" And, agwn, 
that " if these airs could be obtmned perfectly pure, the whole would b« 
condensed." And he accounts for common ur and inflammable air when 
burnt together not producing acid, by supporing that the heat produced 
is not sufBdent. He then says that these experiments, with the excep- 
tion of what relates to the acid, were made in the summer of 1?S1, and 
mentioned to Dr Priestley, and adds, that "a friend of his (Mr Caven- 
dish's) but summer (that is 1783) gave some acoonot of them to Mr La- 
vdsier, as well as of the conclusion drawn from them, that dephtogitti- 
eated air is ooly wator deprived of its phlogiston ; but at that rime so 
fer was Mr lAvoisier ftom thinking any such opinion warranted, that till 
he was prevailed upon to repeat the experiment bimaclf, he found some 
difficulty in believing that nearly the whole <d the two aire could he con- 
verted into water." The friend is known to have been Dr, afterwards 
Kt Charles Blagden ; and k is a remarkable dnumstance, that this pas- 
sage of Hr Cavendish's paper appean not to have been in it when ori- 
ginally presented t» the Royal Society, for the paper is apparently in Hr 
Caven^h's hand, and the paragraph p. 134, 13S, is not found in it^ but 
is added to it, and directed to be inserted in that place. It is moreover 
■ot in Hr Cavendish's band, but in iir Charles Blsigden's, and indeed the 
latter most have pven him the information as to Mr Lavoiner, with whom 
it is not Bald that Mr Cavendish had any correspondence. The paper 
itadf was read Ifith Januaiy 1784. The volume was published about nx 
months afterwards. 

Ur Lavoisier's memoir (in the Hem. of the Aoad&me dea Boienoes tot 
1704) bad been read partly in November and December 1783> and addi- 

■ Ht CatendiahV note, p. 127, would seam to imply thii; but I have not 
Aond in any of Dr Priettley'i papera that be ha* said ao.— Notb bv Hr Jakm 

W*TT. ' l^ 
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tiosi TTCTB &ftenrarda made to IL It tms piibliah«d ia 17S4. It cott- 
tuned Mi: lAioma'a acooont of Mb eiperimenta in Jnne 17B3, »t whi^] 
he sa^. Sir Chules Bladen was pieBent ; and it states that ke told Hr 
Lavoi^erof MrCaveDdishliftTiiig "BlresdybunitiiiflMBniable aiiittcloM 
Tessels, and obtained a vet; sensible quantity of water.~ But he, Hr 
LaToisier,9B;B nothing of SirChariesBlagden having aim mentianed Mt 
Cavendish's conclusion from the experiment. He expiesslj statos, that 
the weight of the water was equal to that of the two aits burnt, imleai 
the heat and light which escape ar« pondemble, which he holds diem not 
to be. Hia account, therefoie, is oat nctmcilkble with Bit Charles Blag- 
den's, and the latter was most probably written as a oobtndiction t^ it, 
after Mr Cavendish's paper had been read) and when the MtetMres of 
the Acad^mie were received in this country. These.H^miriics were pab- 
lished in 17S4, and could not certainly have arrived when Hr Cftvefi- 
dish's paper was written, not when it wu ie*d to the Royal Society. 

Bnt it is fbrther to be remarked, that tkc pass^ of Mr Cavendialtli 
paper in Bir Cliaries Blagden'a handwriting, only mentions the ecpeti' 
ments having been communicated to Dr Priestley; they were made, 
says the .passnge, in 1781, and communicated to Dr Priestley, it Is not 
said when, nor ia it said that " the concluuons drawn from them," and 
which Sir Chnrles Blagden says he communicUed to Mt Lavoisier in 
summer 1783, were ever communioatod to Dr Priestley ; and Dr PtieM- 
ley in his paper (referred to in Mr Oavemdish's), whieh wns read Jnte 
1783, and wiitten before April of that year, says nothing of Mr Ca- 
vendish's theory, thon^ he mentions his experiment. 

Several propositions then are proved by this statement. 

F^tH, That Mr Cavendish in his paper, read lOch Juiuary 1784, rdatst 
the capital experiment of burning oEygeu and hydrogen gases ia a clo« 
vessel, and finding pate water to be tba ptodooe of tite combiutimk 

SeeomUg, That in the name paper, he dtew &om this experiment the 
oonclusioa, thai the two gases were convMtad ot turned into water. 

Thirds, That Sir Chariea Bli^den inserted in the same papet, with Mr 
Cnvendiah's consent, a statement tbat the cxperinrat had first been made 
by Hr Cavendish in sammer 1781, and mentioned to Dr Priestley, thoa^ 
It Is not said when, nor is it said that any conclu^on was mentioned to 
Dr Priestley ; nor is it said at what tine Mr Cavendish first drew that 
conclusion, A mott mattrM smfasisn. 

Fourthly, That, in the addition made to the p^>er by Kr Chadee Blag^ 
den, the conclosion of Mt Cavendish Is stated to be, that oxygen gas ii 
water deprived of phlogiston ; this ad(£tion bavkg been made after Hr 
Lavoisier's memoir arrived in England. 

It may further he observed, that in another addidon to the paper, 
which is in Hr Cavendish's handwriting, and which was oertainly made 
after Hr Lavoiffler's memoir had arrived. Hi Caveadish for the first time 
diatiactly states, as npwi Mi Lavi^dn'a bypothoMs, that water oonsists 
of t^dngn nnitsd to 9sytm gM. Thsie Is no snbstaittial difovncs 
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pcahafia between this and the conduiioa sUted to have been drawn by 
Ml Carenduh huoseLf, that oxygen gu is water depiived of phlogiatoD, 
auppodog phlogiston to be Bjoouymous with hydrogen ; but the former 
proportion u certainly the more distinct and unequivocal of the two ; 
and it is to be observed that Hr Cavendij^, in the original part of the 
paper, 1. 1. the part read January 17S4} before the arrival nf Lavoiaier'a. 
coDsideis it more jutt to hold inflammable aii to be phlogiaticated water 
than pore phlogiston, (p. 140). 

We are now to see what Mr Watt did, and the dates her« become v<«7 
material. It ^peais that be wrote a letter to Dr Priestley on 26th April 
1783, in which he reasons on the experiment of burning the two gases in 
a close vessel, and draws the conclimon, " that water is composed of de- 
phlogUticated air and pblogistOD deprived of part of their latent heat."* 
The letter was received by Dr Priestley, and delivered to Sir Joseph Banks, 
with a request that it migfat be read to the Kofal Sooiety ; but Mr Watt 
afterwards desired this to be delayed, in order that he might examine 
some new e^ierimenls of Dr Priestley, bo that it was not read until the 
22d April 1784. in the interval between the delivery of this letter to 
Dt Priestley and the reading of it, Mr Watt had addressed another letter 
to Mr De Luc, dated 26th November 1788,t with many further obsei- 

* It maj with certaiDt}' be concluded from Mr Watt's private and unpublished 
letteri, of vliicb the copies taken by his copjini;-macbine then tecentl; in* 
vented, are pieiened, tint his theory of the compoaltlon of water wax already 
. fbrmed in Deoember 1 7ffi^ and prebsUy much earlier. Dr Priettley, in his paper 
of aist Ai»i] 17SS, p. 416, atatte, that Mr Watt, prior to hii (the Doctor'*) ex- 
perimenta, bad entertained the idea of the poMibilitf of the conTeraieD of water 
or steam into permanent air. And Hr Watt himself, in his paper, PhiL Trent, 
p. 33S, ataerla, that for many years he bad entertained the opinion that air was 
a modification of water, and he enters at some length into the facts and reason. 
Ing upon which that dedection wss fstinded. [Nors bt Ha J«iim Watt.] 

•)■ The letter was addressed to Mr J. A. De Luc, the well known Oenerese 
philotopher, then s Fellow of the Royal Society, and Iteailer to Queen Char- 
lott*. He WHS tite Erieod of Hr Watt, who did not then belong to the So- 
tAtAj. Hr De Luc, following the motions of the Court, was not always in 
LoHdoD, and seldom sttanded the meeting of the Roysl Seeic^. He was not 
present when Mr Cavendish's paper of Ifith January 17B4 wss read ; but, hsM- 
ing of it from Dr Blagden, he oblained a loan of it from Mr Cavendish, and 
writes to Mr Watt on the 1st March following, to apprise him of it, adding that 
he has perused it, and promising an analysis. In the postscript he states, " In 
shMt, they expound and prove your system word for word, and say nothing of 
you." The promised analysis is given in another letter of the 4th of the some 
montb. Hr Watt replies oa the 6th, with all tb« feelings which a conviction 
he had been ill treated was calouleted to inspire, and makes use of those vivid 
expressions which N. Ara^ has quoted ; he states his intention of being in 
London in the ensuing week, and his opinion, that the reading of his letter to 
the Boyal Society will be the proper step to be taken. Re accordingly went 
there, waited upon the President of the Boyal Society, Sir Joseph Banks, 
was received with all the courtesy and just feeling which distinguished that melt 
honourable man, and it was settled that irath the letter to Dr Prieetiey of 2Mli 
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▼ationi and ntaaiiiagi, bat almoat the whole of the (»igi«al letter is pre- 
MtTod in thia, and ii distingnidied by inTeited commu. Ooe of the 
pu«ag«« thai marked k that whieh hai the trnportant conchuaoa above 
mentioned ; and that letter i* itated in the sabaequent one to have been 
conununicated to several members of the Bofal Bocie^ at the time of its 
reachingr Dr Priestley, vix. April 1788. 

In Hr CaveniUsh'i paper as at flnt read, no allnuon is to be Canad to 
Mr Watt's theoty. But in an addition made !n Hr Cavendi^'s own hand, 
after Hr Watt's paper had been read, there is a reference to that theory 
(Phil, trans. 1784, p. 140), and Ut Cavendish's reasons are given for not 
eneumbering his theory vrith that part of Mr Watt's whieh r^aida the 
evolution of latent heat. It is thus left somewhat doubtful, whether He 
Cavendish had ever seen the letter of April 17&3i or whether he had only 
seen the paper (of 26th November 1783) of which that letter formed a 
part, and which was read 29th April 1784. That the first letter was for 
some time (two months, as appears from the papers of Hr Watt) in the 
hands of Sir Joseph Banks and other members of the Sooety during the 
preeeding spring, is certain, from the statements in the Note to p. 330 ; 
and that Sir Charles Blagden, the Secretary, should not have seen it seems 
impossible, fbr Sir Jo«eph Banks must have ddiveted it to him at the time 
when it was intended to be read at one of the Sooiety'a meetings (Phil. 
Trans, p. 330, Note), and as the letter itself remuns among the Society's 
Records in the same volume vrith the paper into which the greater part 
of it was introduced, it must have been in the custody of Sir C. Blagden. 
It is equally difficult to suppose, that the person who wrote the remark- 
able passage already referred to, respecting Hr Cavendish's conclunons 
having been conununicated to Hr Lavoisier in the nunmer of 17B3 (that 
is, in June), should not have mentioned to Hr Cavendish that Tix Watt 
had drawn the same conclusion in the spring of 1783 (that is, in April at 
the latest). For the conclusions are identical, with the angle diSbcence, 
that Mr Cavendish calls dephlo^ticated air, water deprived of its phlo- 
giston, and Hr Watt laya, that water is composed of dephlogisticated air 
and phlogiston. 

Wc may remark, there is the same nnceitainty or vagueness introduced 
into Hr Watt's theory which we before observed in Mr Cavendish's, by 
the use of the term Phlogiston, without exactly defining iL* Ht Ca- 
vendish leaves it uncertain, whether or not he meant by Phlogiaton sim- 

Aprill7Ba,aad tbattoHr Do Ldc of 9Uh November 17SS, slnmld be nieces- 
dvelj read, lie tbnnw was dona on the a2d, and the lattw on the 29tb A^ 
17H. [NonBvHaJ^iosW^rr.l 

' Hr Watt, In a note to hb paper of 38th NoTember 178S, p. SSI, obseivei, 
" previous to Dr Priestlej'i making these eiperimenta, Mr Kirwan had proTsd 
bj Terr ingenious dedDctloni from otber facta, that iDflammable air «as in all 
probability the real phlogiitoii in an serial form. Tbeae argumenti wwe pe» 
fectly couTincing to me, bnt it seems proper to rest that part of the argument 
on dbraet experiment." [NoiwbvHr Jambs Watt.] 
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j4f inflammable air, and be incUues rather to call inflammable air, wat«t 
nnited to pblogiaton. Hr Watt aaja expreaaly, even in his later paper 
(of Novombet 1783), and in a pasMge not to be found in the letter of 
April 1783, that he thinks that inflammable ui contains a smatl quantit; 
of water and mnch elnoentaiy heat. It must be admitted that such ex- 
pMasionBaatheaeon thepart of bothof those great men, betoken a certain 
fceaitatkin respecting the theorjof the composition of water. If tfacjriiad 
ever formed to themselves the idea, that water is a compound of the two 
gsecs depiired of theii latent heat, — that is, of the two gates, with the 
same distinetiTeneaB which maika Mt LaToi^er'a statement of the theory 
roch obsonritj and unceitaintf would hare been aYmdetL* 

SeTcial further propontions may now be stated, as the result of the 
fiu^ r^ardiog Mr Watt. 

F^rit, That there i> no evidence of an; person having reduced tbe 
tbeorf of composition to writing, in a shape which Dow renuuna, ao early 
«a Mr Watt. 

Steon^, That he states the theory, both in April and November 1783, 
in language somewhat more dietiDCtly referring to composition, than Mr 

* Mr Watt, in hia letter of 261b April 178), tfau ciprettes big theory and eoB. 
doiioDi (VWH. Traot. p. SSS] : " Let ui now confer That obfionilj happeoi in 
Ibecaieofths deflagration of the JnflammaUe and dephlogiiticated air. Theae 
two kind* of air unite with Tiolenee, thejr become red hot, and, upon cooling, 
totally diiappsar. When tbe vesiel ia cooled, a quantity of water ia found in it, 
equal to the weight of the air emplojed. Thl« water ia then the only remain- 
ing product of the procei*, and waltr, Hght, and htat, are all the product*" (oii. 
leaa, he adda in the paper of NoTsmber, there be aome other matter aet ftva. 
which eicapetonraanaea). " Art at nol Ihtn aullwrited to coiKltidt, that wattr 
U ecmfottd of dtphltffUticaltd air aiut pMoffitUn, dtprioed af Ihtir latent or tit- 
vttHbirf htal ; t/ial dtpMegitlleated or pure air ii eempoud qf teattr dtpriiud qf 
Ut pAlegUltm, and vnittd to tUmmtary htat and Hght; thai tht latter art cm- 
taiatd in if in a lattrU tialt, ro ai not to be eentibi* to titt thermoMtler or to lAt 
eft ; and if light be only a tnodifieation of heat or a oircioBtlanee attending it, or 
aeomponenl part qf the injlammmtle mir, then pure or depMofietieettd air i«OMa. 
poeed qfieater deprived qfite phlogitton and united ta elantniarf heat f" 

Is thie not a« clear, preciar, and intelligible, aa the conclnaiona of Hr Lsvoi- 
■jer P— [NoTB KT Ma Jmaa Watt.] 

The obecuritj with which Lord Brougham chargea the theoretical conception* 
of Watt and Carendiah doei not appear to Die well tbuuded. In 1784, the pie* 
paration of two permanent and very diaaimilar gaaei waa known. Some called 
these gases, pore air and inflammable air ; others, dephlogiaticated air and phlo- 
giaton i and laatly, others, MCfgsn and hydrogen. By combining depblogiiti. 
catedairaudphlogiaton, water was produced equal in weight to that of the two 
gases. Water thenceforward was no longer a simple body, but a eomponod of 
dephlogirtieated air and of phlogiistoti. The chemist who drew that conclusion, 
might have aironeous ideas as to the intimate nature of phlogiston, without 
throwing any nncertainty upon the merit of his first discovery. Even at this 
day, have ws mathemaltoallf demonetrated, that hydrogen {or phlogiatau) ia an 
elementary body ; or that it it net, as Watt and Cavendish supposed at tbe time, 
the cmnbinstion of a radical and of a little water F [Ifora bt H. Akaoo.] 
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CsTeDdish does in 1784, and tliat his leference to the erolatton'of UtMt 
heat renders it more dbtinct than Mr Cavendish's. 

Thirdly, That there is no proof, nor oven any sssertioa, of Mr Cavwi- 
dbh's theory (what Sir C. Bla^^en calls bis conchiaion) having been 
oommunicBted to Dr Priestley before Mr Watt stated bis theory in I78S, 
still less of Mr Watt having beard of it, while his whole letter shews diat 
be never bad been aware of it, either from Dr Priestley, or bora any other 

Foarihty, That Mr Watt's theory was well known among the members 
of the Society some months before Mr Cavendish's statement appears to 
have been reduced into writing, and eight months before it was presented 
to the Society. We may, indeed, go farther, and affirm, as another de- 
duction from the facts and dates, that, as &r as the e%-ideace goes, there 
ia proof of Mr Watt having first drawn the coDclusion, at least that no 
proof exists of any one having drawn it so early as he is proved to have 

Lattly, That a reluctance to give up the doctrine of Phlogiston, a kind 
of timidity on the score of that long-established and deeply-rooted opi- 
nion, prevented both Mr Watt and Mr Cavendish from doing full justice to 
their own theory, white Mr Lavoisier, who bad entirely shaken off these 
trammels, first presented the new doctrine in its entire perfection or con- 
aistoncy.* 

All three may have made the important step nearly at the same time, 
and unknown to each other; the step, namely, of conolnding from the 
experiment, that the two gates entered into combination, and that water 
was the result; for this, with more or less of distinctness, is the inference 
which all three drew. 

But there is the statement of Sir Charles Blagdeu to shew that Mr La- 
voisier bad heard of Mr Cavendish's drawing this inference before his 
(Mr Lavoisier's) capital experiment was made ;t and it appears that Ur 
Lavoisier, after Sir C. Blagden's statoment bad been embodied in Mr Ca- 
vendish's paper and made public, never gave any contradiolion to it in 
any of his subsequent memoirs which are to be found in the M^moires 

■ It could Bcarcely be expected that Mr Watt, writing and pnbliihmg for the 
first time, amid the diatractitmi of b large manufacturing concern, and of exten- 
sive commercial a&ire, could compete with the eloquent and practised pen of 
10 great a writer aa Lavoisier; but it eeeme to mc, who am certainly no im- 
partial judge, thai the BumiDing up of hii theorj (p, 333 of his paper), here 
quoted p. 331, is equollr tumbona nnd well eipreaeed w are the coRctononi of 
the illuBtrioun French chemiit. [Nors bt Mb Ja>™ W*tt.] 

-)■ In the letter which Sir Chartea Blagden addressed to Professor Crell, anil 
which appeared in Crell'i .^naalen for 1786, professing to give a detailed biatory 
or the discoverj, he Bays eipreaaly, that he bad communicated to Lavoisier the 
conclusions botn of Cavendiah ami Wall. This last name appears in that letter 
for the first timaia the recital of the terbal communicalionaof tha Seertfaiy ef 
the Keyal Bociety, wid ia never nentlened by Lavoisier. [Noyb it M* Jm 

W*TT.] 
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de rAcademie, though his own aocouDt of that experiment, and of what 
then passed, u inconsistent with 8ii Charles Blagden's statement.* 

But, theie is not anj' aaettion at all even fe>m Sir C. Blagden, zealous 
fot Mr CavsndiBh's priority as ho was, that Mr Watt had ever heard of 
Hr Cavendiah's theory before he formed his own. 

Whether or not, Mr Cavendish had heard of Mt Watt's theory ptevious 
to drawing hi£ conclusions, appears mote doubtful. The suppoeition 
that he had so heard, rests on the improbability of his (Sir Charles Blag- 
den's), and many Others knowing what Mr Watt hod done, and not com- 
municating it to Mi Cavendish, and on the omission of any assertion ia 
Mr Cavendish's paper, even in the part written by Sir C. Blagden with 
lie view of claiming priority as against Mr Lavoisicc, that Mr Caven- 
dirit bad drawn faia oooclusion before April 1783, although, ia one of the 
additions to that paper, reference is made to Mr Watt's theory. 

As great obscurity hangs over the mBterial question at what time Ht 
Cavendish first drew the conclusion from bis experiment, it may be ai 
well to examine what that great man's habit was in communicating his 
discoveries to the Royal Society. 

A Committee of the Royal Society, with Mr Gilpin the clerk, mode a 
series of experiments on the formation of nitrous acid, under Mr Caven- 
dish's direction, and to satisfy tboae who bad doubted his theory of its 
eomposatiofi, first given aecidenully in the paper of January 1784, and 
afterwards more fully in another pq)et, June 178fi. Those experimenta 
occupied from the 6th December 1787 to 10th March 1788, and Mr Ca- 
vendish's paper upon them was read l7th April 1738. It was there- 
fore written and printed within a month of the experiment being con- 
cluded. 

Ml Kirwau answered Mr Cavendish's paper (of ICth January 17S4) 
on water, in one which was read 6th February 1784, and Mr Cavendish 
replied in a paper read 4th March 1784. 

Mr Cavendish's experiments on the density of the earth, were made 
from the Ath Anguat 1797 to the 27th Hay 1798. The paper upon that 
mbject was read 27th June 1798. 

The accouDt of the eudiometer was communicated at apparently a 
greater interval ; at least the only time mentioned in the account of the 
experiments ia the latter half of 1781, and the paper was read January 
1789. It is, however, probable from the nature of the subject, tbat he 
made further trials during the year 1782. 

That Mr Watt fbimed this theory during the few months or weeks 
immediately preceding April 1783 seems probable.t It is certain that 

* Could Blagden** letter to Crell also have neaped Lavoiaier'i notice? 
[NoTi Bv Ma Jaku Watt.] 

■)■ That the idea eziated in bii mind previouBlr, ii prored bj hia deduatioai 
to Ur FriMtley, cited by the latter ; by hi* on aesertiani, p. 88fi of his paper, 
and bj the exiiting copiei of his letten in ITVZ INbn ar Ha JAioi Wait.) 
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S24. Dr Handyside oh iAe Hittory of the Sternoptixuta, 
de ooDaideKd the theot7 u his own, and makes no refeience to snj pie- 
vious commuDicatioii from any one upon the subject, nor of having ever 
heud of Mt CaveodiBb drawiiif the same conclusion. 

The imptobabUitj niust also be admitted to be extreme, of Bir Chules 
Bbgden ever having heard of Hr Cavendish's thcoiy prior to the date of 
Mr Watt's letter, and not mentioning that circamatance in the insertion 
which he made in Mr CavMidish's paper. 

It deserrei to be farther menUonedj that Mr Watt left the correction 
of the press, and eveiything relating to the publishing of bia paper, 
to Sir Charles Btagden. A letter remains from him to that effect writ- 
ten to 8ir Charles Blagden, and Mr Watt never saw the paper until it 
was printed.* 

* The notn of Mr JameB Watt formed pnrt of themanutcripttnniniittedtii 
me by Lord Brongfaain, and it is at the pxpien deiire of out Uliutrioiu litUaw. 
member, that I hare printed them ai a uieAil eonuuentai; upaa his tm&J. 
[Non'sT U. Akaoo.] 



HUtory of the Stemoptixinoe, afamilj/ of the 0$»eout Fithea, 
and their anatomieal peeuliaritiea ; with a description of 
the Stemoptix Celebes, a epeciet not hitherto noticed. By 
P. D. Handyside, M.D., F.R.S.E,, Lecturer on Anatomy. 
Illustrated by two Engravings. Commnnicated by tfae 
Author. 

Sect. I. Bittorical Remarki. 
Professor Hermann of Strasburg, about the year 1774 ap- 
plied the name of Sternopiix (from the apparently plicated ar- 
rangements of the external covering in the sternal region) to 
a very rare osseous fish from around the West India islands, 
small in size, truncated in front, narrow and tapering behind, 
high-backed, very compressed, and presenting a triangular 
distinctly pellucid compartment of the caudal region just be- 
hind the anus.* From the last-mentioned character, as well 
as to distinguish it from another genus, from the Azores, since 
described by M. Olfers, under the name of iS'/'«««ip/i> OlferHi,^ 

' SeeDer Naturfbncher, Halle, Fnsc. zii. pi. S. torn. i. fifti 1,2, copied by 
Walbaum of Lubeck in bia edition of ArtMi"! Ichlhjologia (entitled Attediai 
renoratni) lorn. iti. pi. 1. fig. S., and by Cufier in h[B B^e AainiBl, edit. 18S9, 
pL xiii. fig. !■> and by Shav in hu Zoology, vol. ir. p. 112. 

+ See CnvieT** lUfge Animal, pi. KiiJ. fig. 2. 
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in which that character is wantii^, the former is known to n«> 
toralista as the Stemopltx diaphana. Owing to the great 
rarity of this fish, it heing hitherto known to no author ex- 
cepting through the means of the very incorrect representar 
tion of it afforded by Hermann, and the specimen which that 
naturalist has left in the mosetmi at Strasburg, no opportu- 
nity has yet offered for rectifying the mistakes into which 
Hermann fell, who described this fish as devuid of gill-mem- 
brane and of a lateral line, and who placed it among the 
Apodei of Linnseus, thus conclnding it to he destitute of ven- 
tral fins. Z.IJMHBW*,* indeed, at the conclusion of the descrip- 
tion of his 1st class of fishes, — the pitcei apodei — has, like 
Hermann, g^ven very erroneonsly the characters of the Ster- 
noptix diaphana, and it remained for Cuvier,-^ while noticing 
very shortly both species, to take occasion to correct some of 
the inaccuracies of Hermann, and from examination of the 
specimen which Hermann himself described, and which he 
saw at Strasburg, to introduce it at the end of the Salmonidce, 
the fourth iamily of his order Malacopterygii abdominale: 

While the two species adverted to, offer, in respect to their 
general form, translncency in the caudal region, number of 
branchial rays, character of the teeth, &c., points of diffe- 
rence such as to have induced Cuvier to remark, *' ces deux 
especes ponrront former nn jour les types de deux genres," 
they yet agree in the situation of the teeth, and in some strik- 
ing peculiarities of general structure and form. 

But the species of Slemoptix which I proceed to describe 
differs from both of the preceding in many, even generic cha- 
racters, such as the situation, character, and nnmhei' of the 
teeth, the number of the branchial rays, and the components 
of the different fins, and it differs also in respect to the loca- 
lity in which it occurs ; for, while the two former seem to be 
confined to the West India Ishinde, and the wanner parts of 
the Atlantic, the latter has been hitherto observed only in the 
Eastern Archipelago. I am unwilling, however, in liie pre- 
sent imperfect state of our knowledge respecting this family 
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of fishes, to submit the species under consideratioD as a neir 
genus, although (as we have shewn) the characters pecnlisr to 
it might justify such a coarse, and rather, as the species of the 
family of Stemoptix which we now know, do not exceed three, 
I propose to confine myself at present to attempting to sup- 
ply what is manifestly a desideratum in the natural history of 
this trihe of fishes — a description of the anatomical pecnli- 
arities of a family of fishes, which, from its extreme rarity, 
has heen left; hitherto unnoticed, adopting in my description 
that subdivision of it into two genera, which Cnvier antici- 
pated, we have seen, would eventually he found justifiable. 

Selecting, then, the character of presence or absence of 
pellucidity in the caudal region, and making the distinction to 
depend on that, — a character indeed which serves accurately 
to distinguish the two already known genera of this lamily, I 
shall, from the existence of pellucidity in the example before 
us, classify it with Hermann's species, naming it simply from 
its locality. Thus, adopting Cuvier's classification of fishes, 
we find the position occupied by the Stemoptix CelebeB in the 
following analysis : — 

OSSEOUS FISHES. 

'SuBDiT. MALACOFTEBTOII ABDOHINALEB. 
Fun. rv. (a) Baimovtdm. 
(FuD. V.I) (6) arutHomxivA 

Ge», L Stemoptix diaphaiuh 

i^>«cK« K, 8. HemiBiuiii. 
^ B. Celebea. 
0m. a. Stemoptuc OlfeniL 

Sect. II. Om the Stemoptixitue Family nt generoL 

LocALiTT. The StwDoptix is a mnaD omeovt fiali, of a vei; Temuknblo 
fbnn, and of mm oocunenoe, cMifined apparently to llii: Eut uidWsit 
India islnndB, and the waimn paila of the Atlantic. 

Sizi. When full grown, it does not exceed fton two to three indue 
in length, excIunTe of the tail ; its Ae^fU, exclusive of the ftns, is almoat 
equal to it« length ; while in tkiekiteM it does not exceed tlu«e-<]u«Tt«n 
of an inch, that is, about one-third of its height.* 

PoRH. Its body is high, and greatly compreKed, supported latanllj 
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by Ion; rib*, and, inclading Ae head and chut, is semicircular in ferm 
IB front ; and, while its general form is remarkably oblique, and more or 
Ims eUipttcal, it is » little elongated backwards to the pout where its 
forked tail (which is about one-fourth of its length) begins. The boeft 
risee into a sharp ridge, which, at its middle, supports a single fin ; be- 
hind this fin there n a amall gibbosity or hump (membranous in the spe- 
«es of Hermann, and Oifert, muacularin that fromCefcAw), in a situation 
eorreeponditig to the adipose and nidimental fin of the Salmonidfe, while, 
to fh>Bt of the dorsal fin, the cuinated fbre part uf the back after be- 
Doniing sulcated, ends in two sfaaip ridges, which coDverge towards the 
npper part of the head, at the interparietal bone, and thence running 
downwards, finally diieige towards the nares at the middle of the upper 
lip.* The trattk presents inferiorly, between the extremities of the hu- 
gseials and the crests of the pelvic bones, a sharp pellucid ridge or crest, 
fe fonnation which depends upon the acute junction of the extremities of 
the ribs. On each side of this earinated ridge there is a row of from 
right to twelve small depressed sur&ces, corresponding, for the most 
part, to the extremities of the intercostal apacea, but which, having been 
regarded as folds of the textures around the sternum (a bone merely as- 
•umed to exist), suggested the mume of Slemoptii. The anus is mean 
{i.e. equally placed between the head and tail). The caudal region is 
■Ughtly convex, and terminates by an acute carinate edge, running along 
one-third of the length of the body. The outline of the h»ad is, ante- 
tiotlj, remarkably obtuse, and the height of that region is double its 
length. The eytt are large, salient, and naked ; tliey occupy the middle 
third of the height of the head, and advance within a line of its anterior 
boundary. The mouth, which is directed upwards suddenly, descends 
very obliquely, so ns to appear abrupt when viewed in ftont, and is there- 
fere siognlarly capaoiouB in the vertical direction ; and tbe maxillary 
bonea (the upper of which slides over the lower) fbrm the superficial 
boundary of this opening. Tbe tongue is small and nidimental. Maail- 
tars leMi exist in the Stemtrptix: these are very numerous and minute. 
They difi^r, however, in the several species, both in thrir fbrm and ar- 
nmgement, appearing either en vehur» (aa in the S. Hennanni) or tn cn- 
ehett (as in the S. Olfersii and S. Celebes). 

Tbe BRUfOBiOSTBOODS MmcBaAKE is patent, though posteriorly its mar- 
gin ia retracted under the opereula, and in each of the semieircolar inter- 
■paoes of the biancbial rays it exhibits a longitudinal depression or shal- 
low sinus. 

Hie BaAHOfltAL Rats are ttom five to nine in number, very slender, naked 
at the extremity, and they curve downwards, backwards, and inwards. 

Ophodlbs. The opercule is anbareuated, Boft, fine, and elastic, and 
terminates inferiorly in a ri^t angle, the anterior margin of which is pa- 
rallel to the hat bnuelual My, and partly covers it. The two branchial 
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tqiertatM extend obliqucl; downwftids iind«nieath the lowtt jaw and 
bianchiofll^ouB membniM, ntaxly aaba at tbe meaian line, where the 
nartow iatbmus fonned bf tlic junctioa of tbe lingiul bones %q the »ym- 
phjsia of tlio humerak Bepatates the two btanchial opeDiDgs from be- 
low. The pre-opercute has its shaft flattened, its border finely deoticu- 
lated, and its aoglc armed with a strong; spine projecting downwards and 
forwards. The tub-tqitraiie it in form an incnrvated cone, having its 
rounded base below, its concave thick margin In front, its oater sur&ce 
scabrous, and studded with polygonal cells, its convex posterior border 
much attenuated, while superiorlj it is acuminated. 

SriNEs. £2 Pre -opercular, 2 humeral, 2 ventral, and 1 doisal.] Be- 
sides the spine of the pre-opereule alread]^ described, there is behind the 
trochlea of llie humerus a small thick tpine curving downwards and for- 
wards, aud overlapping the ulna and radius ; and below the sjmphTns 
and isthmus of the ossa humeri, which arc remarkably elongated at an 
acute angle, there exists a sharp ipitu, which terminates each bone, and 
projects downwards at a point midwaj between the centre of the month 
and the ventral fins. A fourth strong tpine curves downwards and for- 
wards from the eitromitj' of the pelvic bones on each side, and inune- 
diatelf In front of the ventral fin ; and, lastly, in front of the first dorsal 
ray there rises up obliquely backwards from the first interspinal bone an 
extremely strong, scaly, or membranous moveable ipiite, thick and grooved 
behind, but finely denticulated on its anterior margin. 

Fins. Tlie dortaljin is short, and has from eight to ten soft lays, Infid 
at their extremities. The pectoral fitu are email, and multi-radiated. 
They present respectively tlie same number of rays as the dorsal, the m- 
perior ray being double the length of the inferior, and the intermediate 
rays vary in length proportionally. The ventral fin4 possess cacli, be- 
sides the spine, boxa five ta seven very slender rays. They are placed 
about the middle of the trunk, opposite to the dorsal fin, and imme- 
diately in front of the anus. 1'ho anal fin is shallow, with distant rays, 
and is nearly longitudinal (f. a. extends a considerable way &om the vent 
towards the tail). It consists of thirteen distinct soft rays, each bifiir- 
cated at its extremity. The cavdalfin is forked, and has &om thirty-ax 
to forty rays. 

SuaracE. The surface of the body of the Stemoptix is naked (or de- 
void of scales). It is covered with a dark coloured translucent mucus or 
epithelioD. 

Colour. The colour is variegated and very brilliant when (he fish is 
first caught. The entire surface of its body has a tin or dim inlvery lustre. 
The back is of a dark olive-green colour : the spines are translucent, and 
partake of the amber tint of the iris ; and the fins and tail ar« intermediate 
between an amber end a mottied vandyke-brown hue. 

Latsbal link. The lateral line is smooth^ solitary, supmor, strait, 
and descending. 
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Sect. Ur. 7%e Stertu^tix CeUbet. 

ThepeouMarUtM of this £sh, serving to distinguiah it firom llie S. Her- 
mumii, tlie other apeciea of the same genos, I shall next cnumciate. 

Immilitt. The Stemoptix Ctltbet was caught bj my fiiend Mr Thomas 
Kincaid, Biug«oii R.N. in September 1836, in the Straits of Macoaaar, 1° S. 
Ut. and 119° E. Ion;., and withm thirtj miles of the Celebes coast, during 
calm and cleat weather. It was first obaerved swimming on the surface 
of the water, apparently disabled from a deep cut it had received upon 
the tuck. It is uncertain whether it frequents shoal or deep water, but 
some fish resembling it were obserred swimming about the roots of trees 
which had been washed from the coast by the rains, and which trees the 
fish seemed to have accompanied from the coral reefs near the shore. 

Sizi. The lettgA of the specimen which I possess,* which appears to 
liave reached full maturity, is, exclusive of the tail, two inches and a 
quarter, its heigkl ia two inches, its greatest IhiekneM scarcely half an 
inch. 

FoKM or CassT, On each aide of the carinate and pellucid lower bor- 
der of th« chest, it a series of small foven or dimples, eight in number.t 
There is no sternum or osseous bads supporting these pits, but simply 
minute fibro-cartitapnoue expansions which project from the extremities 
of the ribS) and unite with each other at the mesial line. Accordingly, 
the interspaces between these being muscular, there may hence ensue, 
during the relaxed state of that texture, the reguhtr depreued appearance 
referred to. 

The Caodal RioioN, which nitu one-half of the length of the body, is 
convex and carinate below, and the posterior and lower triangular por- 
tion of this cavity is, from the vertebral spine* downwards, resolved 
into a pellucid membrane.^ This membrane, which consists of two 
layera of tegumentary texture, is sustained in a tense and vibratory con- 
cBtion aitterioHg by four slender bony processefl, which arise from the 
posterior mar^ of the anal interspinal bone (a bone which forms truly 
the posterior boundary of the abdomen), and after traversing the space 
between the laminra of the pellucid membrane in which they radiate, in 
a direc^n obliquely downwards and backwards, serve finally to sustain 
the anterior rays of the anal fin. Potteriorly, this membrane is stretched 
upon the five last interspinal osseous spicuhe, which, in their turn, sup- 
port the middle rays of the anal fin.( 

Hub. The ridge of the principal fmttat and iaterparieU^ bones is 
distinctly dentated. There are also similar dentations on the inferior 
margin of the tvb-orUlal bone. 

• 8h Plato m. I ua ioMMai tin Ou nrj MtHfta mi actarau d*llii(MI«ii of the 
■BiUaV of tlw S.C*labMi>hlcliiI]iutn>Mthiip«v«'-loi>>]' Mtlmttblt Mend ud Utr papil, 
Mr WllUn(ton, nr(*on tt SaltlHiird, Warwick. 

t Ibtd. I Sm PIMM m. uMI IV. fig*. 1. f PlaM IV. if I. 



: Google 



380 Dr Handynda m Me Sttterf of tie Stirm^tixituE, 

The MoDTB is set nith nuzUlaiy and palatine teeth. The mamillary 
teeth are Ten; Dumeiaus and minute, and thef an ananged en crotAeU, 
three rows in each jaw." Each tooth presents the form df two incurrated 
conea applied base to base, their concavil^ea being directed towatds^the 
interior of the moatb.t The paiattM teeth ate much larger, and the 
existence of them appean to be distinctiye of this ^cies. Thejr are 
five in number on each side of the mesian plane, and beitt^ anaogied 
en eardet, they, on the approximation of the jaws, close after a dofe~ 
tuled manner.]: 

The Branchial Archee§ are Four in number, on the posterior half of 
the first three of which ate planed several slender and curved dental ap- 
pendages, resembling the teeth of a garden rake. On the first or most 
anterior arch we count seven, on the next five, on the third three of these 
dental appendages. The superior half of each of these appendage* is 
split down, or appears bristly along its distal half, and likewise at its 
eitremity. Moreover, on the anterior half of these three arches ate placed 
several tnfts of short straight teeth, arranged en broetet. On the flttt 
arch ate five, on the next four, and on the third three of these dental 
tufts. Superiorly, thefirtl and Mcond pair* ofnrdiei, after ascending in 
a curve, are attached by means of ligaments, ntuated beneath the eia- 
nium, to the sphenoid bone. The third and fiurih patrt ate attached to 
the upper borders of the oesophagus. Interiorly, these arches are seen to 
join those of the opposite side, immediately below and in front of the 
large oval apcttute of the cesophagua-IT Here they are retained in con- 
tact, partly by means of a strong fibro-cellulat membiane ot ligament of 
a triangular foim,[| pattly by the usual intermediate chain of three 
minute bones continued backwards trom the lingual bone. 

The Bhancbial Rats are five in number, naked, attenuated, and 
curved.*" 

The Dorsal Ravb amount to (one moveable spine and) ten soft tttyi, 
each biftircated at its extremity, the terminating points fimbriated. 

The Anal Fin in the Stemoptlx Celebes is furnished with soft rays, 
thirteen in number, connected to each other by a transvetee band near 
the root, and bifid at their extremities, between the most anterior my of 
which fin, and the posterior margin of the verge of the anus, there exists 
in this species (as a termination to the anal interspinal bone') a strong 
aiui/«pine, bifid at its extremity, and curved forwards In a direction paral- 
lel to the ventral spine.tt The large anal interspinal bone, joined to a 
great inferior spinous process, and extending down behind the anut, 
forms in this, as in a great number of other fishes, truly the posterior 
boundary of the abdomen. ^^ 

* P1M< III. flg. S, ind IV. flg. 1. t PlMa III. Ag. 4. : FUU lH. flg. 1, ud IV. %. t. 
f PUteilU.fls. If IT. fl(h£ud9. t Plata HI. flc. 1. || IbU. 

■* PUlu III. *ad IV. fl(. 1. tt PUtMlILudlT. If. 1. U MA 



iiizedbv Google 



i tkeir AtrntomittU peeu^ritie$. 



831 



The CiVDAt. Fin is attached, u in the sabnonide, to a ver^ fleshj root, 
brnng moved by -verj powerful muaoles. It u forked, and conaiat* of 
tlurty-aix flattened, articulated, finn, and highly elaado nya. Theae are 
B ep M atcd by a deep deft into tvo conical &8iiculi, Dte lower one being- 
deeper, att«iig«r, and mote elongkted, while each tt ioieited into Ae free 
border of one of the two segmenta of the sernilonar shaped terminal caudal 
▼mtAia.* The aann higbMA tayt of the root of die tail arise together 
from the integumeDta over the three or tbur last supMioi spinoiu pro- 
ceasea, while the four bwest tbts pioceed &om a line near the apices of 
the two last inferior spinous prooeoes.t 

The PioTOBAL FiNB IB thls species are each futniahed with ten a<A 
rays. 
. The Tiimai. Fms present eacfa sevta soft nys. 

Edinmtroh, 4 BmimoMB' HovAia, 
Jtlf V}. lass. 

■ Pkta IT. Sg. 1. t Ibid. 



Table of Mean Temperature of Orkney. Commonicated by 
the Rev. Chablbs Clouston of Sandwick Muise. 

The following Table shews the mean monthly and annual 
temperature from 1827 till 1838 inclusive, with the mean 
temperature of these twelve years, which may be considered 
the mean temperature of Orkney. The register was kept at 
the manses of Stromnees and Sendwick, and marked twice a- 
day, at 10 o'clock a. ■. and 10 r. m. 
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Nctiee etmeernit^ «ji Improvement in the OonatrucHcn ef tli^ 
Sit^le Vuion. Prum «f Caieareou» Spar. Bf William' 
Nkol, Eeq. F. R. SL E. Communicated by tke Author^ 

The single vision ptiam of caloareoos spar wkich I ia^oated 
eeveral years a^, and which is described in this Joomal, 
vol. vi. p. 83, and vol. xvi. p. 372, though well adapted for 
examiniDg various phenomena depending on the pokrizatJon 
of Ifght i yet, on aoooont of its length being so much greater 
than its breadth or thickness, the field of view is less than , 
could be wished. This imperfection may be greatly dimi- 
nished by shortening ^e prism without altering its tb)ckn«u. 
The shortening is aeoomplished by cutting off equal portions 
from each extremity ; and when the prism is thus shortened 
to half its former length, the field of view will be fonnd greaUy 
enlarged. 

To construct a prion, then, on the shortened principle, two 
rhomboids of spar must be procured, and if the shorter di- , 
ogonals of their terminal planes be fonr-teoths of on inch, the 
length of the sides or edges may bo five-tenths of an inch. 
One of the terminal planes of each must be inclined to the 
obtuse lateral edge at on angle of 68°, and p<^ishe<I. One- 
half of each rhomboid must then be removed by acting ob- 
liquely on the obtuse edge, in such a manner that the plane 
produced shall form an angle of 90° with the terminal phwe. 
When these planes are duly polished, they are to be united 
by Canada balsam. The smaller extremity of each portion 
must then be rendered opaque, which may be done by pasting 
on it a piece of black tracing paper. 

A prism of the above dimensions wiD be found well adapted 
for the general purposes of analysis, but <»ie of a still miaUer 
uze will be found equally efElcooious, vis. even when the short«r " 
diagonab of the terminal planes are only three-fonrths of an- ' 
inch. When a shortened prism is to be ap[rfied to the'e^ie^ ' 
lens of a compound microscope, however, oneof lai^^kl)-'" 
mennons will be fonnd to answer better. The one i Iu(v»i'- 
found to famish the greatest field, ha« tiM ehdrter Agolud' " 
of -UiaitenDiul fdanes Svo-tentiis of an'mdijond fbe longtti 
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of the mdes also five-tenths of an inch. With the exception 
of a TOiy Bmall segment towards Ae outer or blue edge of 
the extraordinary ra;, the wfa(de disc is vinble, at least with 
a s%ht inclination of the eye. In placing the prism above 
the lens, some nicety is required, in order to obttun the 
greatest possible field of view. It requires to be inclined a 
little to the axis of the microscope. If the acute solid angle 
of the prism be farthest from the body of the observer, the in- 
clination must be towards the body. 

In constructing instruments of this kind, the greatest accu- 
racy is necessary. The corresponding angles of the two por- 
tions must be equal. Both the terminal and sectional planes 
must be set on so as not to incline in the least perceptible 
degree more to one side than the other. When inaccuracies 
io these respects occur, the circular rings are sure to be de- 
formed. It may, therefore, be of use to point out an easy 
method of determining whether the construotion be accurate 
or not. At the distance of two or three yards, direct the 
prism to the crossing of the astragals of a window, make the 
prism revolve slightly backwards and forwards, and if no 
motion of the astragals ensue, the terminal planes may be con- 
sidered as parallel. Incline it, then, until one of the astragals 
coincide with the junction of the two rays, and if there be no 
overlapping of the astragal, or if it ^pear as distinct and 
defined as when seen with the naked eye, the instrument may 
be considered as having been properiy constructed. 



On the Geographical Dittribution <^ Itueett. (Continued 
from p. 111.) 

SfiMtums. — ^When we observe the great number of localities 
in which certain species of insects are found, we might be 
tempted to believe that these animals have no well determin- 
ed stations. It is true, that theirs are less fixed than those 
of vegetables, and that it would be difficult to assign a precise 
one to some species ; but, in general, these are exceptions, 
which a little observation enables ns to recognise as snch. 

Let us take, for example, a very naton^ gonnsj admitted 

VOL. XXVII, KO. LIV,— ^CTOBta 1839. X [p 
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b; all entomologist withont exo^tion, ftod at tlie mme tim« 
very rich in specdee, spread orer all parts of the globe, and 
congequently objected to external circumstaaces of tlie moit 
varied kind. The genus CSdndela p^ectly answers tiiese 
conditioiu, and we shall see that, in the point of view we are 
now considering, it is divi^ble into manj' very distinct grovpe. 

The first (including C. C^etmetuu, bipunctata, turidipea, 
be) proptf to intertropical America, lives in the forests on 
leaves, and never lights on the earth but accidentally. A 
nngle individual is never seen in open places nor by the 
mai^in of waters. 

A second (C. ajflvatica, tyMeola, &c.) frequents heatiiis, 
pathways, and clearings in the wood, withont ever resting on 
leaves. A third (C. germanica, graeUitJ, lives only in cnlti- 
vated fields, dry meadows, and similar places. A fourth (C. 
maritima, tortuota, triftucictita), is met wiUi only on the diorea 
of the sea, and ascends the sides of rivers no forther than the 
inSuence of the tide is felt. While a fifth (C. ventralu, apiata, 
melaleucaj begins to appear where the preceding stops, never 
leaving the vicinity of fresh water. 

These stations are strictly rigorous, and there is no doubt 
that if the habits of all the species of this genus were known, 
we could find grounds for indicating other divisions of the 
same nature. 

Stations are characterized either by the insects which fre- 
quent them, or the dominating phy^cal characters, acoordtng 
to the point of view in which we regard them ; but the latter 
is VoA most convenient We may, in this way, distinguish as 
many as botanists are in the habit of doing for plants, lat, 
The Sea, No insect is known, which passes its whole lift in 
this element^ and only a very small nnmber frequent it in the 
perfect state.- Scarcely any one can be mentioned, indeed, 
except Gyrimu marinua, which likewise lives in fresh water, 
and the singular Hemiptera of the genus Halobafet, which 
Eschscholtn found under the tropics running along the sur- 
face of salt water like the Hydrometra. 2d, Shore* of th* 
Sea. These are rather rich in species peculiar to (Item, eqw- 
dally in warm oonntries. It is inincipally in tliis ntostioa 
we auet ynih. ttte geiuu Pimtlia, whgw w d rt aoet smsu con- 
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OMted witii tb^t of the plants of the geuus Sottda. 3<4 
Sraekiak teaUri. These have also a small number (A peculiar 
q>ecie6, soch as the Hgdrcema marina, which is not found in 
the aea, as its name would lead us to expect- According to 
Kirby and Speoce, it is only in dried salt-nuu-ahes that we 
find certain Hemipterous species of the genus Acantbia (A. 
talUUoria, Uttaralit, zoateroe, &c.) 4M, Freth water$. Among 
the species which inhabit these, some live completely inur 
mersed, and may be divided into such as continue there 0&I7 
in their earlier states (CuUcidce, Libellulidce, Phryganiee, 
Ephemerae, &c.) and such as pass their whole life in them, 
Sj/drocantharidce, Hydrophiiut, Nepa). The latter can leave 
their watery abodes for a short time (which they usually do 
at the approach of night), and thus they partake of the nature 
of aquatic, terrestrial, and aeiial animals. The other aquatic 
species, although living in the water, are unable to swim, and 
are usually found clinging to a<piatic plants. Snch are the 
Ht/droenee, certain Sphceridia, and a few CurctUiottidat of the 
genera Sc^out, Bt/dronomug. The circumstance of waters 
being either stagnant or running, has an influence on th* 
species inhabiting them. For example, the greater part of 
the Dytiscithe frequent ponds and marshes, in preference to 
rivers, while the opposite is the case with Gyrinus, ffoHplut 
etevatui, Macronyc&us, &c. 6M, Margitu of freih tcatert. 
The species met with in soch situations, differ with the nature 
of the soil. If it be sandy, we tbisa find Omopkron, which dig 
into it a few inches beneath the sur&ce. CMaeniut and Beni- 
bidium select what is stony and mingled with gravel ; if it be 
muddy, it is adapted to Elapkrtu, Helopkorus, Farmtt, &c. 

Gth, The various kinds of soil, which form an extensive ca- 
talogue, according as they are dry or moist, cultivated or un- 
cultivated, rocky, sandy, compact, light, &c. have each their 
f^pr(4>riate insects, which either > ihabit the surface or the 
interior. The former are said to, ae ep^eovs, the latter hy- 
pcgeoua. 7th, Mountains. T}u,u. declivities afford numerous 
stations for insects. The species which live near the sum- 
mits, are called alpint, such as inhabit their lower stagey 
nUxUpme. But these epithets are only applied with propriefy 
wlieii the spAciw are not found, or at least are vary rare in 
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the nfiighbouring plains. 8th, lAvtng vegetable*. These niftj 
be considered under two points of view, as insulated indivi- 
daals, or ae assembled into forests, &c. Every part of a plant 
is liable to be attacked by particular insects, to which it serves 
as a station. We ooght, consequently, to distinguish the roots, 
the stalk, the leaves, &c. Some authors call the insects 
which live in the interitv of plants, endopAytoua, while those 
found on their extericM', whether they live at the expense of 
the plant or not, are nuned epipAytona. 

Considered in their collected state, vegetables present dif- 
ferences no less ctm^derafole. Certain insects seem to delight 
only in extensive foresta ; otliers prefer coppices, gardens, 
meadows, Sdc Each species is attracted to these different 
places, not only by the plants winch serve it for food, but by 
certun conditions of heat, light, or humidity. Under the 
tropics, it is not in general in the depth of the virgin forests 
that the greatest number of insects is to be found. The per- 
petual shade which prevails there, induces a degree of coolness 
and moisture not congenial to most of these animals. They 
prefer the skirts of woods, or the clearings which appear among 
diem at rare intervals. 

9tA, Dead or deeompoted vegeUibUt. A multitude of diffe- 
rent kinds live in these, particularly in Hieir early states. 
lO/A, Living animals. Mammiferse and birds are the only 
subjects, among the vertebrata, liable to be attacked by insect 
parasites. In the class Mollusca, the ffelex nemoralig may be 
mentioned as being in a like predicament, for it is preyed on 
by tiie larva of Drilus flavescens. The rest of the animal 
kingdom has no relation with the insect tribes. Such of them 
as live on the vertebrata, are termed epizoitet. Wth, Dead 
animalt. The Coleoptera and Diptera are the only orders 
V(4iieh make th^e tiieir pabulum. 12th, Animal rejections. 
The rejectments of carnivorous animals are frequented by few 
insects ; but those of herbivcHTOOS ones afford a station and 
Rotriment to an entire family of O)leoptera, viz. the Clopro- 
phaga, and also to many other species of all the orders. 

All these stations are subordinate, as lar as relates to the 
perfect insects, to the period of the year at which the latter 
make tiieir appearance; for, at all other tiraest they jwea^t 
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alaiost a complete solitude, and these animals are found onl; 
in one or other of their three early states, that of egg, larva, 
or pupa.* 

Period of the appearance of the perfect Ituectt. Every spe- 
cies, under whatsoever climate it may live, has one or more 
fixed periods for i^pearing in the perfect form, according to 
the rapidity with which its various transfonnatitms take place. 
These periods may either be accelerated <»* retarded by the 
efifect of temperature ; but they are not the less r^ular, when 
considered in & general manner. 

In cold and temperate countries, ihey commence with the 
retom of heat and vegetation, and a remarkable coincidence 
exists between the appearance of the insect and the plant 
which is to afford it food. Hence we may conclude, a priori, 
that wherever vegetation is developed with extreme rapidity, 
and as it were by a sudden impulse, the same thing will take 
place with insects, and vice versa ; and this, in reality, is found 
to be the case. Thus, in the polar regions, whwe beat equal 
to that of the tropics all at once succeeds a degree of cold 
much more intense than that of our severest winter, while the 
grotmd is not yet free from snow it becomes covered with 
plants in Sower, and the air filled with insects, not very va- 
ried in regard to species, but of which the individuals are in 
myriads. In proportion as we recede trova these desolate re- 
gions, and reach more southern latitudes, vegetation and in- 
sects are found to be developed less suddenly, bat the two 
always continuing ootemporaneous. In our temperate re- 
gions, the months of April, May, and JuSe, are the seasons 
when these animals are in greatest abundance. The number 
diminishes during the heats of summer, and this decrease i» 
the more perceptible the further south we advance. This 
fact is deserving of being remarked^or it accords with what 
takes place on a larger scale in intertropical regions. In Sep- 
tember and October, a kind of augmentation agiun occurs, 
which coincides with the flowering of certtun autumnal plants. 

* For more ample debailt r^^ardiug stations, the nnmerons works on the 
class of ingeols may be consulted, in which they Are id general acouraUdjr 
indicated. A Memoir by H. G. Stlbermuiti, inserted in the Asm oittmo^ 
l*gir^ torn, i* deaervn parHonlariy to be mentioned. 
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On the arrtTal of winter, no inconsiderable nmnbel^ still stibtin, 
concealed in their rarioos retreats, but none are then disclosed, 
except a few, such as Geometra hrumaria, vtbich darts about 
our gardens even to the end of December ; Trichoeera hyema- 
lis, which may be seen during the fine dajs of winter perform- 
ing their aerial dances above the snow ; Soreai Aifemalit, cer- 
twn Podura, and the Chionea araneoidea, which are found 
only on the snow itself. Winter, in our climates, thus divides 
the year into two very distinct periods, and, by uresting ve- 
getation, deprives insects of the means of existence. 

In the equinoctial regions, where winter is unknown, and 
where the year is divided, more or less regularly, into two 
seasons — ^the wet and the dry — ^without vegetation being ever 
suspended, it might seem, at first view, that nearly an equal 
quantity of insects should be found during the whole year ; 
but thb is very far from being the case. The seasons, in this 
respect, are almost as determinate as in Europe. The dry 
season has nearly the same effect on insects that winter has 
with us ; they disappear almost entirely, and are not again 
visible till the tarns. On the other band, the latter, if they 
reach a certain maximum, produce the same effect on them, 
so that, in reality, their seasons of abundance are often rather 
brief. This is the more obvious, the nearer we approach the 
equatCH*. 

Thus, in Guiana, the rainy season, which commences to- 
wards the end of November, brings forth a considerable num- 
ber of insects, which diminish rapidly in proportion as they 
become more severe ; insomuch, that very few are to be seen 
in January and February. In March, an interval of fine wea- 
ther, which laste for a month, and which the natives call the 
March summer, causes them to appear in tolerable abundance. 
Prom April to June, when the rains fall with such violence 
that the country is literally inundated, the forests flooded and 
shrouded in a cloud of vapour, insects completely tUst^pear. 
Towards the close of June, when the fine weather commences, 
they agun shew themselves, and increase with astonishing ra- 
pidity till the end of August. This month, and that of July, 
afford a richer harvest to the entomologiat than all tii« net 
together. But the dry season, which b thmi ctrtifiifBed, M- 
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daces them considerably, and contmoes to do so more and 
more till the end of November, when, as has been stated, the 
ramy season resnmes its sway. 

At Rio Janeiro, situate exactly tmder the tropic of Capri- 
corn, a different order prevails. Insects appear in September 
with the first runs ; hat, as the rainy season, though very se- 
vere, is far from equalling that of Cayenne * in intensity, they 
do not disiqfpear on its attaining its maximum of violence in 
January and February ; on the contrary, they go on increaang 
along with the rains, and these two months are the most pro- 
lific in the year. In April they diminish along with the runs, 
and during the dry season, irom May to the end of August, 
scarcely any are to be found but Carabidie and Melasomas, 
which have taken refuge under stones, bark, &c. 

At Buenos Ayres, 36° south latitude, the seasons of the ap- 
pearance of insects are regulated nearly in the same manner 
as in southern Europe, but in an inverse sense, on account 
of the difference of the hemisphere. Insects appear in Sep- 
tember and October in spring ; the powerM heatv of mid- 
summer (January and February) cause them to disappear, as 
with OS ; they again multiply in autumn (March and April) ; 
and, finally, from May to the middle of September, only a small 
number are met with. 

Chili, situated under the same parallels as Buenos Ayres, 
differs from it, in the view we are now taking, only in this, 
that, rain being almost unknown from the middle of spring to 
the middle of autumn, H is only at the commencement of the 
' former and the end of the latter that insects are common, 
while at Buenos Ayres they are found throughout the whole 
duration of these two seasons. 

Our acqo^tance with other warm countries of the globe, 
in regard to the subject of which we now treat, is limited to 
what we have learned from M. Westermann respecting the 
Cape of Good Hope, Bengal, and Java.f There, as in Ame- 
rica, the condition of insects is in perfect accordance with the 
dry and runy seasons; and as these two seasons act upon 

* The umnol qnantitj of mn which &lla in Oayamo, i« sbovt 130 
inohn, while it doM not excaed 80 aX. Rio Janeiro. 
t G«niiar'a Huguiti, torn. iv. p. 411. 
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tbom throv^ tbe medium of tlw plants whi<^ flosrifih ^mf^ 
the seoondt and acquire « sombre hoe during ttie first, it owy 
be eetablidied 88 a general law, that tbroughoat the globetke 
march of insects b in intimate relation with that of Tegetsr 
tion. It is, moreover, probable that the dryness acts in a di- 
rect manner on these animals, as it is known to do on the 
caymans of America, which it throws into a real state of hy- 
bernation, as has been shewn by M, de Humboldt, and as M. 
Lacordmre has himself witnessed. 

It may be asked, if insects really perish during the dry sear 
son, or whether they only conceal themselves, as many of ours 
do thronghoot the winter. Our author is of opinion that thn 
greater part perish, for they are seldom fomid mider bark, in 
the interior of the earth, or of vegetables, which might be ax- 
pected if the case were otberwise- 

Another consideration, intimately connected with this, re- 
lates to the form under which insects pass the winter in our 
climates. All of them which ^pear in the spring must exist 
in the beginning of winter, and necessarily pass that season 
either in the state of egg, larva, pnpa, or perfect insect. 

The species which come under the first category are of 
small amount compared to the entire mass of insects, which 
is doubtless owing, on the one hand, to the circnmatanoe, ttuit 
the greater part of young larvK, if disclosed in early spring, 
would ful to find food ; and, on the other, to this, that the 
substances in or upon which certfun eggs must be deported, 
such aa leaves or the larvK of other insects, do not exist at 
that period. This refers chiefly to the kinds which produce 
many generations id a year, and to suoh as undergo an inoom- 
plete metamorphosis, which do not attain their full develop- 
ment till an advanced period of the year. In either case, the 
eggs, being laid very late, cannot be hatched without the 
young larvae being exposed b> the want of food, and it was 
consequently necessary that they should remain under that 
finm throughout the unfavourable season- It he« been r»t 
marked as a singular tact in regard to the L^Mdoptera, Aal 
it is only such of them as have caterpiUars whioli 'fe^onp»< 
renfial plants, that bybematain^heegg or larva «W«,i^e 
those whose caterpillars live en annual plants do so under the 
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^MCftseiWA fonn. The reasot of' this !a,'thiit Ut'c leaTdr bf p^ 
lennisl ^timts appear earlier thim tliOse'of anntuils, Ao dulttltW 
jobng caterpillars find tiiem a ready food aa soon as hatcUedj 
which could not be die case with those living on the other.- 

The m^jori^ of the species which bybemate as larve, is ne- 
oeBsarily eompoeed of those which lire in that state fbr seve^ 
ral years, snch as Melolentka vulgaris, Lueanus cervus, the 
greater part of the Longicomes, many Elateridse and Bnpres-^ 
tidfe, Lepidoptera with endophytous lame, &c. The remain- 
der consist of larrte disclosed aboat the middle of autumn, and 
v^ch have been sorprised by the cold before accompHshtng 
their change into a pupa. 

HybematiDg pups belong abnost entirely to the l^idopte- 
rous order, and to the species which, as has been seen, live on 
annual plants- These chr^alidea await disclosure till the 
Sowers appear on which the butterfly feeds, so that, in gene- 
ral, they are not eariier than the kinds which passed the winter 
in the state of egg or larva. 

Finally, a great number of perfect insects hybemate, and 
^ew themselves not only in spring, but even during warm 
days in winter. The greater part of these are Coleoptera, 
and dtiefly of a carnivorous or lignivorous kind, as botii these 
may still find some alimentary sabstances at that season, 
fdthough it is probable, considering the almost complete disap* 
pearance of their fatty tissue in spring, they require but very 
little nonriiihment in this interval. The principal cause of 
the bybemation of these species seems to he, that the sexmd 
union has not taken place, the non-accomplishment of the 
generative functions having the greatest influence on the 
longevity of insects. 

The <M^er in which the various species appear on the return 
of spring is thns determined, in a great measnre, at the cloee 
of the preceding aatamn. During the remainder of the warm 
season it is regulated by the number of generations, and th6 
period which each species requires to nndei^ Its metamor- 
pbosis. These appearances coincide in general witli the 
floweriilg of cert^ plants, bo tiiat it is p08»ble to divide the 
yeatvaa'hBS'heendonoby Kirby and ^ence, Into difibrent 
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periods, characterized by the sunnltaneons iq>pearano« of oer- 
tain species of flowers and insects.* 

HaMtatuM*. — This department of the sdbject, mca« im- 
portant than any hitlierto touched upon, dlrides itself into the 
four following branches : — \»t. The determination of the nom- 
ber of species of insects existing on the globe. %d. The pro- 
portion according to which the various families are spread 
over diflerent countries. 3t^ The extent of the habitation k£ 
species and groups- 4fA, The division of the snrfiwse of the 
globe into entomological regions, characterized by the insects 
which predominate in each of them. 

In regard to the first subject of inquiry, it will appear ob- 
vions, tliat, in the present state of entomology, it is impossible 
to estimate the number of actually existing species, except by 
way of induction, that is to say, by setting out from a point 
better known. Plants, which have always been collected with 
greater ease than insects, and which have a most intimate rela- 
tion to these animals, have properly been assumed as the point 
of departure by authors engt^ed in this calculation. By com- 
paring the number of insects with that of the plants of a given 
country, we obt^ the relation which subsists between these 
two classes of oi^anized beings ; and, by applying this relar 
tion to the total number of plants supposed to exist, we arrive 
at the approximate result sought 

Now there exist in France, according to the BoUmieoH 
GalUeum of MM . Decandolle and Duby, 7194 species of plants : 
it may now be considered to be 7400, with the addition of 
those discovered Eonce the publication of that work. The 
number of insects in the same country, as &r as it can be de- 
termined from the study of authors and the inspection of the 
richest collections, is not less than 15,000, ^ich gives about 
two insects for each plant. This number will appear too low, 
for there are vegetables, such as the oak, iriiich support twenty 
times that number ; but if we reflect tiiat the dyptogamia, 
which supply food to a very small number of these animals, 

* We luTe omitted H. Laoordure's acconnt of Kirby aad Bpence'iTiewa 
on this Mbject, m being compaistiT^ fitmiliar to en Eo^lalt reader, or at 
all evenU rwdilj accearible to him in theiT IntrodmeHom, voL iv. p. Alt. 
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ftnn the half of these 7400 plants above mentioned, and tlunt 
the same insect often lives at the expense of several plants, it 
will be admitted, that the allowance of three insects for each 
plant is a reasonable proportion. It may be alleged tbat the 
proportion must be greater under the tropics, and this is pro- 
bably the case with phytophagous species ; but, on the other 
hand, there is a deficiency of creopbagous kinds, which restores 
the eqailibriuib. Now by estimating, with M. Decandolle, the 
total number of existing vegeUbles at from 110,000 to 120,000, 
we obtain from 330,000 to 360,000 for that of insects.* 

It is more difficult to determine how the above number 
ought to be divided among the different orders, for this cal- 
culation can only be founded on the species existing in col- 
lections ; and it is well known that some departments have 
been much more assiduously cultivated than others. The fol- 
lowing is the result of oar author's inqniries on this subject 
Fifteen years ago, Mr Macleay estimated the amount of 
. q>ecies preserved in collections at 100,000. This number was 
adopted by Latreille ; but our author conceives that we should 
be much nearer the truth by lowering it, as has been done by 
Dr Burmeister, to 80,000. Of this number the Coleoptera 
most form nearly one-half ; for very little short of 30,000 are 
contained in the Parisian calnnets alone, and many others 
most exist in different places, by the union of which, at least 
40,000 would be attained. In making this calculation, we 
ought t» keep in mind the unequal manner in which exotic 
species arrive in Europe. Thus, Paris and Berlin receive 
principally those of America ; the species of the Sunda and 
Molucca islands go chiefly to Holland ; England receives them 
from New Holland and Bei^al more than from other coun- 
tries, &c. The exchanges which entomologists make with 
each other remove but imperfectly this original inequality. It 
therefore foUows that every country possesses, in some degree, 
peculiar exotic species ; and consequently, we will arrive at a 
hi^er number by uniting the collections existing in all, than 
if we draw our inferences merely from the collections of any 
one country. 

* Kirbj and ^ence, bj k nmflftr calculatiDii, make tb« number 400^009, 
whidi <4>peua nther too hi^ 
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The remainiiiig 40,000 species may be divided, aocording to 
M. Lacordaire, as follows : — Hymenoptera, U,000 ; Lepidop- 
teni, 10,000; Diptera, 10,000 ; Hemiptera, 5000 ; Nearoptera, 
1600 ; Orthoptera, 1000 ; Parasita, 500. 

On the supposition that we are accjaainted with one-third 
of the Coleoptera, one-half of the Lepidoptera, one-fifth of the 
Heiuiptera, one-sixth of the Hymeuoptera, Neuroptera, aad 
Orthoptera, one-tenth of the Diptera, and one-twentieth of 
the Parasita, we would obtain the following numb^s as the 
absolate amount of the species existing on the globe :— 
Colooptera, 130,000 



Diptera, 

HjDieiiapterB, 

Hemipter^ 

Lepidoptera, 

Parasita, 

Neuropteru, 

Orthoptera, 



100,000 
73,000 
36,000 
30,000 
10,000 
9,000 
0,000 



ae%fiw 
With regard to the number of indiridoals of each species, 
or, what is the same thing, its degree of rarity, it will readily 
be perceived, that there are no data whereon to found a cal- 
culation likely to afford even an approximation to the £m^ 
It may be merely remarked, that, with teapect to the great 
majority, they are the more conmion as we ai^roach oerttun 
countries, which are, as it were, the centre of their habitation ; 
and that, on leaving this point, they cease more or lees ab- 
ruptly at distances varying according to the direction ve fol- 
low, so that they may be represented as radiating from the 
centre in question. This fact is of importance to be noted, 
for it is partly on it that the possibility rests of establishing 
dntomolo^cal regions. 

Absolute and Relative number of Species, Genera, and Fami' , 
lies in different countries. — The absolute number of the qieciest 
of a country depends on a multitode of circnmstauces whie^, 
are for the most part the same as those enumerated above. It: 
is evident that its richneBs, in this respect, will be proportionate! 
to itfi extent, its temperature, the nature of its vegetation ; to j 
the number and nature of its stations ; to the absence oc pnt- 
sence of barriers separating it from nei^bonring countries. 
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All these causeB, moreover, may be so combined in a certain 
coimtiy, as reciprocally to compensate each oiher ; while in 
another they may harmonize in snch a way as to produce the 
highest possible result It is thus that Africa and equatorial 
America, though nearly on an equality with respect to tempe- 
ratore, are so differently circumstanced in their insect produc- 
tions ; the latter being infinitely the richest, because it is ge- 
nerally more wooded and moist. 

The most general result at which we can arrive, and which 
is particularly deserving of attention in examining this ques- 
tion, is that the number of species augments as we recede from 
the poles and ^>proach the equator. Heat being the most 
important condition for vegetation, must also be so for insects. 
But it most not be thence concluded that this increase takes 
place equally in all countries. The vicinity of Paris, for ex- 
ample, is as rich in species as that of Marseilles, which is owing 
to its being more humid, and presenting more varied stations 
to these nnim^l". 

The law of which we speak, can only be demonstrated, 
with any degree of {veoifflon, in reference to the Coleoptera, 
and even in their case somewhat imperfectly, owing to the 
want of local &nnas for most countries. With regard to the 
other orders, we are completely destitute of data for the coun- 
tries out of Europe, ezc^t for a portion of the Lepidoptera. 
The following table, therefore, relates only to the Coleoptera. 
An attempt is made to compare with each othw only countries 
of as nearly equal extent aa poestble ; and it must b« remarked, 
in particular, that the portiOD of Brazil, to which tiie notice is 
limited, scarcely equals France in extent. 



ConiitrlB. 


I.«titDde. 


Autliorittio. 


So.alBg«A». 


Uelvillebl«id(^mter 

Harbour). .... 

GrecDland, .... 

Upl-d. 

S' ; ; ; ■: ; 

Bncil,from'Biojiuidi^ 
^]tohl», . . . . 


76* N. 

60 70 N. 
M 7)N. 
se 69N. 
50 BIN. 
41 Gl N. 
13 23 8. 


Kirby, 

Z*ttenl«dt, . . . 
GvUenhaL PayknU, . 

De JeaiijUid othwa, 
De Jbbd, King, Perty, 

&0. 




11 

813 

2,083 
2,263 
4,200 

IfiQff 



NdilMtiisttuiffiDg the imperfections of this table, it sufficient- 
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\j proves the pnqtoeitioa stated abore. With regard to tiw 
other orders not inclnded in it, every tiung leads as to believe 
that they will shew a similar result^ and that their progrestuw 
from the poles to the equator will be, in r^;ard to some of 
them, even more decided. Thus the whole of Europe and Si- 
beria possess not more than 260 diurnal Lepidoptera, while 
the explored parte of Brazil, which do not nearly equal them 
in extent, have already furnished upwards of 600. The aame 
countiy is as inexhaustible mine for Hymenoptera and He- 
miptera; but our temperate regions, perhaps, present a leai 
striking inferiority in Orthoptera, Neuroptera, and Diptera. 

Genera are so vaguely determined in the present state of 
entomology, that a less satisfactory calculaticm can be made 
with regard to them. The number of them in a given conntry 
is not without importance, for it is they rather than the spe- 
cies which give to a conntry its proper entomological ph^og- 
nomy. The following table is drawn up from De Jean's Qt- 
teihgue, a work in which the generic groups are extremely on- 



Owntr,. 


Sp«i«. 


OoHn. 


"^"2£- 


SiberU, 

North America, 

Sooth Americn, 

Africa, 

New Holland, 


4«S 
6,677 

8,1 IS 

%»*.% 

330 


18B 
716 
Ml 
IMS 
674 
162 


S.7 
7.> 

4.4 

6.7 
43 
«. 



From this it follows, that the ahacJute number of gencm 
augments from the ntHth to the sooth, since Europe has mors 
than Siberia, and Sooth America more than Enn^ ; bat it 
will be seen, at the same time, that this number dnea not in- 
crease in the same proportion as the ^ecies, but that it fol- 
lows, on the contrary, an inverse in^igression. In reaUtjr, all 
the families, with a very small munber of exceptions, have tw. 
preeentatives in all the great regions of the ^be ; each of 
them will, consequently, include a smaller number of inaeets 
in proportion to the entomolo^cal pover^ of titem ngiona. 
The g^era constituting these families have, in their turn, fat 
the moat part, their representativM or analogues in the aame 
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regioni, and the rule of diviRoii, of which we cow speak, ne- 
ccMMily ^ipliM to them libewiBe. From this it follows, that 
their nimiber increawB in an inreree ratio to that of the Bpe> 
des ; or, in other words, the number of genera in a gtren 
ctmntry will be relatiTely greater the fewer species that ooan- 
try poBseesea, and reciprocally. 

Families being all represented in the same regions, except 
&e Xylophagi and Psel^hid*, Uiey cannot be made the sub- 
jects oi similar calculationi. We mi^t descend, it is tme, to 
the groups immediately inferior, that is to say, to ^bes ; but 
it is well known bow few entomok^ists are agreed on this 
pmnt. 

I^ laying aside calculations, the precision of which is liable 
to snqncion. we desire to class the different re^ous of the 
globe ftocording to their entomological riches, withoot attempt- 
ing an unattainable exactitude, it will require to be done in 
the following manner. 

In the first rank will be placed intertzopical America ; and 
ftt the head of the countries which it cwtains, Brazil ; aftw 
which will come Mexico, thm Guiana, and Ctdomlna. 

The isles of Sunda, the portion of the Indian Coutinent lyii^ 
in their vicinity, Madagascar, Ca&aria, and the eastern coasts 
(^ intertrt^ical Africa, wilt occi^>y the second rank ; bnt it is 
impossible in the present state of our knowledge to detennine 
to which of these the preference ought to be assigned. 

In the third grade we may place Europe, including the sides 
of the bason of the Mediterranean. Germany, taking that 
word in its widest acceptation, ^ipears the richest country of 
this division. 

North America seems to be much less prolific than Eun^ 
in the same latitade,' and c<Hisidering it as a whole, it appears 
to be, in the view we are now takiug, on a level with Asia, 
which, although situate in part beneath the tn^ics, includes 
too many extensive sterile tracts to be bo productive d insects 
as its get^rapliical position would lead us to expect. 

The same reason rendws it necessary to [rface in the fifth 
laok Northern Africa, da^ Toeoraan, Peru, and in general 
the countiies of Ajnerica lyii^ to the west of Brazil and south 
of Colombia. 
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The lowest in this compantiTe scale, must Decessaril; be 
the Polar Regions of the two Continents, to which New Hol- 
land does not seem much superior, ootwithstandifig its par- 
tially intertropical position. 

The pn^rtion in which the species, genera, and families, 
are found in different countries is susceptible of being esta- 
blished in a more satisfactory manner. It may even be shewn 
in a given country from a collection moderately ample, provi- 
ded the entomologist who formed it has sot collected certain 
families with greater care than others. This is tmfortunately 
not the case, particularly with exotic spetdes, for every collec- 
tor almost always has an involuntary preference for certain 
groups. Yet we now possess sufficient materials for the cole- 
optera to enable us to attempt the task in question with regard 
to them. 

The following table presents the number of species of this 
order as known at present in the eight foUowing regions, not 
differing much firom each other in extent, viz.. North America, 
excluding Mexico, n^ich, by its partially tropical poutitm, be- 
longs to the following re^on ; South America and Mexico ; 
Afirica ; Europe, along with Southern Russia ; Lapland and 
Siberia ; Asia ; Indian Archipelago ; finally New Holland. 
These regions appear sufficient for the purpose now in view. 
The species are grouped in twenty-two families, as in De 
Jean's Catalogue; but instead of disposing of them in syste- 
matic order, they are placed, for each region, according to the 
decreasing number of the species, an airai^ment which ena- 
bles us to see at one glance which of them predominate in 
such region. The table is [Jrincipally designed to shew this 
predominance ; and a few subsequent remarks will point out 
the other inferences, not unimportant, which may be deduced 
from it* 

The proportion between the families in each region is ren- 
dered manifest by this (able, but that is not sufficient ; it is 

* The ban« of this table, which miut have co«t ita Mithor a great d^ree 
of labour, is the 3d edition of He Jesa's catalogue ; but all other accewible 
works descriptive of new species have been coosolted. On combining his 
materials, he found that he had obtunod cognizancs of 94^50 ^lecios of 
Coleoptero, that is 3SG1 more than the catalogue contains. ' 
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ranch more eBsentaal to know thsir ^ographical distribatann 
acerarding to their fimctions, that is, according ai tliej derive 
thev mrarBtunent from Teg«table or animal sobstaocea. Of 

this the table enaldes us to form a pretty accmrate calculation. 

The families essentially and solely creopbagous are the 
Carabidae and Hydrocanthares. Four others, the Bracbely- 
tres, Teredyles, Clavicomes, and Palpicomes contain a mix- 
ture of carnivorous and phytophagous species, probably about 
the one-half being of the former description, the other of the 
latter. All the other femilies are phytophagous. 

Founding our estimate on these considerations, we find that 
of the 24,'650 species mentioned in the prece^g table, 47&2 
are creophagons, and 19,898 phytophagous, that is to say, the 
first are to the second : : 1 : 3,97. 

A very different result will be obtained, if a similar calcula- 
tion be made regarding the entire class of insects, for, accord- 
ing to the above estimate, the camivora would be to the pbyto- 
phaga about : : 4 : 9. Kirby and Spence making a umilar inquiry 
regarding 8000 English insects (including ArachnidesX esti- 
mate the proportion at neaiiy one-half. What renders the cal- 
culation more complicated when extended to the entire das, is, 
that a multitade of ^ecies are creopbagous in their first con- 
dition, and phytophagous in their last, while in the case of the 
Colepotera the mode of nutrition is more uniform. 

A second consequmce resulting from the table, one already 
jLllnded to, is, that the relative proportion of the creopbagous 
( (deoptera diminishes rapidly as we approach the eqObtor. 
'i'hey bear the following relation to the totality of the q>ecies 
iu the r^ons indicated : 

Ifew Comtment. 

Nwth Amorie*, : : 1 : 4,01 

South America, : : 1 : 0,58 

Old CoHtment. 

ObtAk, ...... ::1:«,M 

Ennpa^ ::l:ijtj 

Aftin, ::1:S,U 

Ooewiw, ::1:8,59 

But the ereophagons species do not always take their food 
in the nme state any more than the phytt^h^oui. Some 



iiizedbv Google 



M. Flonreiu om tht Natural BUtory of Mm. 861 

attack animala or plants while yet alive, white othen find 
nourishment in dead anwuftla and vegetables, in a more or less 
advanced stage of decomposition ; or to employ Mr Macleays 
phraseology, some are thalerophagons, others saprophagoos. 
It is not without interest to inqnire into their relative propor- 
tions, and the laws to which they are subject, for the parts 
which they perform in the economy of nature are very differ- 
ent. 

Among the ereophagous kinds, the Carabidsp, Hydrocan- 
thares, and carnivorous Palpicomes, may be regarded as thar 
lerophagouB. There remain, consequently, only the Teredy- 
les, the Brachelytres, and Clavicomes, which live on animal 
substances, to be rahked among the saprophaga. Of the 4768 
crei^hagous species mentioned above, we find that 3687 are 
thalerophagons, and 1165 saprophagoos. The latter consa- 
qnently are to the former : : 1 : 8,07. 



On the Natural History of Man. By M. pLonKKirs. 

The study of man, viewed in the light of natural history, 
has a peculiar importance, which no other branch of this 
science can pretend ta The physical characters which di»- 
tingoish the human racei from one another, are, perhaps, the 
^ct o/ natural kiatory, which has at all eras most struck the 
imagination of men. We know the great astonishment of the 
first Portuguese, who, in the fifteenth century, penetrating 
into the interior of Africa, found there men absolutely black, 
with curled hair, flat noses, and thick lips. This astonishment 
vras renewed at the epoch of the discovery of the New World. 
Historians relate, that, on the first return of Cdnmbus, the 
Europeans could not withdraw their eyes from the unknown 
plants and animals he had brought back, and above all front 
the Indkmt, to different from all the raeee of men they had 
hitherto teen. 

Notwithstanding this lively interest which the physical study 
of man inspires, and has at all times inspired, this study ia 
very little advanced. And first, with regard to the ancients, 
one can scarcely collect any thing else concerning the n 
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bistcvy of man, properly so called, in Herodotus, Strabo, eren 
Galen, &c., than certcun erroaeous opinions abont the nature 
and causes of the colour of the Negroes. The true founder of 
this new science is Buffbn. His treatise on the Varieliet <^ 
tlie Human Species is the first important step made in this 
department of stody. Bat, iae want of sufficiently sore ana- 
tomical charaetert, Bufion did not arrive at the precise de- 
termination of these varieties. He admitted a transition 
from' the neffro to the white ; be believed that the heat <^ 
the eUmate was the only cause of the black colom: ; and he came 
to this conclusion, that all the physical differences which at 
~ present distinguish the varieties of the human species have only 
been, originaUtf, the effect of external and accidental cautet. 

Camper is the first who sought precise anatomical charaetert. 
His observations on the profile of the Negro compared with 
that of the nhile, were a real advance ; and Blumenbach, tbe 
venerable finther of present naturalists, made a fartber step, 
by extending to the entire conformation of the cranium and of 
the lace this study of precise characters, which Camper had 
only spited to the/ooa/ line. 

On the other hand, Malpig^ Albinos, Meckel, Cruiksbank, 
Grautier, &c., endeavouring to determine tbe seat of the colour 
of tbe Negroes, opened a way wbidi has been much more snc- 
cessful, although its ftill results have only been obtained in our 
own days, aa we shall now shew. 

Malpighi supposed that the layer of the skin, which he called 
the corpus or rete mucoium, was the seat of tbe colour of the 
blacks. Albinufi and Meckel believed they demonstrated it ; 
but from new anatomical researches, to iriiich I have lately 
subjected tbe whole structure of the skin, it is evident that 
Malpighi, Albinus, Meckel, &c., bad very confused ideas con- 
cerning the nature of the corpus mucosum. 

In the Jlret place, they supposed it arranged as a network : 
it forms, however, a continuous lamina. In the second pUce, 
they supposed it to be chiefly in the skin ; it exists, in reality, 
only in tbe mucous membranes. Lastly, they supposed that 
this corpus mucosumy white in tbe white race, black in the 
black race, determined, by its colour alone, the colour of the 
men of these two races ; it does no such thing. ^ 
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fhere are in the akin of the tehite race three distinct Iftmiiue 
oi* membranes — the derm, and two epidemu; and in the skin 
of the black race there is, besides the derm and the two epi- 
dermi of the mhite race, a particular apparatus, an apparatus 
which IB altogether wanting in the man of the white race, an 
apparatus composed of two layers, the external of which is the 
seat of the piffmentum or colouring matter of the Negroes. 

There is, then, in the skin of the black race, an apparatus 
which is wanting in that of the while race. The two races, 
the white and the blaek therefore, form two essentially and 
specifically distinct races. And these two races are not only: 
distinct by a character of form, as the characters drawn from 
the conformation of the cranium and face are ; tfaey are so by 
a character of structure, by a special and very complicated ap- 
paratus, by an apparatus which exists in one of the two races, 
and is wanting in the other. 

Buffon supposes that the black colour is only the eJTect of 
climate. He supposes, that originally the Negro was white. 
All these euppow.tion8 fall before the better known anatomy of 
the skin. The effect of climate can neither give nor take away 
an apparatus or tissue. 

The individual, indeed, of the white race, may assume that 
swarthy dark complexion which is the effect of hot weather ; 
but anatomy informs us, that the seat of this swarthy complexion 
is the second epiderm, and not a peculiar and distinct apparatus. 
On the other hand, the Mulatto results ftx>m the crossing of 
the Idack and white races ; and the colouring apparatus of 
the Negro is always found in the Mulatto. 

The while race and the black race are then, I repeat, two 
essentially distinct races. The same is true of the red oc 
.American race. Anatomy discovers, under the second epiderm 
of the individual of the red, copper-coloured, Indian, or Ame' 
rican race (for this race is called indifferently by all these 
. namesX ^ piymental apparatus which is the seat of the r^d 
or copper colour of this race, as the piymenlal apparatits of the 
Negro is the seat of his black colour. 

M. Cuvier says of the American race, " that, altliougfa it has 
not yet berai clearly reduced to any of the races of the Old 
Conttoeat, it does not possess at once a precise and etmttamt 
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character, Trhicli can make a particnlar race of it ;" and he 
adds, that the copper-red complexion is not a sufficient one. He 
would assuredly have been of a quite contrary opinion, if he 
had known that the copper-red tint is owing to a special de- 
terminate apparatus, an i^aratns which anatomy detaches 
and isolates from all the other parts of the skin. 

In considering, I do not say the characters of form, bat the 
characters, the differences of structure, there are then three 
specifically and primarily distinct races — ^the white or i 
sian race, the Negro or Ethiopian race, and the red or ^ 
can race. 

Such are the results which I have explained in my lectures 
of late years in the Museum. It is true that, for want of &- 
vourable opportunities, I have not yet been able to extend 
these researches of structure to the other races, and particu- 
larly to that which, among all others, appears most important, 
I mean the yeUotc or Mongolian. I have hitherto been reduced 
to characters of the second order, characters of fonm, viz. 
characters taken from the conformation of tlie cranium and of 
the face. 

I call these last characters of the second order, and by this 
are explained the differences which exist among naturalists 
regarding the determination of the human races, a determina^ 
tion which, in truth', has been hitherto founded only on these 
characters. M. Blumenbach fixes the number of these races 
at five — ^the Caucasian, the Mongolian, the Negro, the Ameri- 
can, and the Malag. M. Cuvier reduces these five races of 
Blumenbach to three — the white or Caucasian, the yellow or 
Mongolian, and the Negro or Ethiopian, and nevertheless he 
confesses, that " neither the Malays nor the jimericoHs can be 
clearly referred to one or other of these three races." Lastly, 
a more recent author, the learned M. Pritchard, raises, and 
always by regulating himself according to the form of the 
crania, the number of the human races to seven. The first 
four are, the Caucasian, the Mongolian^ the Negro, and the 
^men'con (except the Esquimaux, who form a s^arate tribe) ; 
the fifth is that of the Hottentots and Boschismant ; the aizth 
that of the Papuans, or the people with curled hair (rf P«^- 
nesiaf -and the seventh that of the Alfourous tuA Auslratiain, 
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As ftu- oorselTes, by adhering to tlie aathentic crania alone 
which our Museum poasesEea, we think we can establish ten 
distinct forms or ^rpee of htunan heads — the Caucanan typfii 
the Mbttffolian, the Negro, the American, the Malaj/ or Java- 
nese, the SotUnlof, the BoiekUmoH, the Papuan, the Aipvrou, 
and the ZeaUmdie. 

I shall recapitulate, in a few words, the prin<upal characters 
of these types. 

The Qntcaniat type is distinguished by the oral head, the 
height of the cnmium, the prominence of the forehead, that of 
the nose, &c. ; the Mongotian type by the lateral prominence of 
the cheek bones, the square form of the cranium, &c. ; the 
Negro tyye by a oompresaed forehead, a flat nose, obliqae in- 
cisor teeth, be. ; the American type by the volume of the pos- 
terior part of the cranium, the prominence of the nose, the 
width of the orbits, be be 

M. Pritvhard has suppressed, as we have just seen, the Mait^ 
^pe. This type wants indeed, even in Blumenbach who estar 
blished it, precise characters. I think I have found these 
characters on two heads in our Museum, one of a Javanete, 
the other of a MaduraU ; two heads whose type is quite simi- 
lar, and both of which are distinguished by the projeotion 
which the very large parietal protuberances make behind, and 
above all by the manner in which the occipital bone is abruptly 
flattened below these protuberances. 

The cranium of the HottentoU evidently forms a particular 
type, beside the general type of the Negroes ; this cranium is 
long and narrow, but it is proportionally very elevated ; and 
by this also it is distinguished, in a maAed manner, from the 
cranium of the Boechismans, which is, on the contrary, sin- 
gularly flattened, and as it were crushed from above down- 
ward. 

The Papuan*, carefdlly described by MM. Quoy and Gai- 
mard, and the Alfouroua, described with no less care by M. 
Iicsson, are two distinct types. The Papuans are remaric- 
able for the flatness and the depression of the forehead 
and the &ce ; the Al/ourous have a long and narrow oranuim. 
I^d, that, if the sinking which the parietal bones on each 
aide of the sagittal sutore present, on the two heads froin Van 
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Diemen's Land, in our museum, was found constant, it woolA- 
be sufficient to indicate a Tariety in the type of the Faptuttt^. ■ 

Knally, the last of the types which I pn^oee, the Zealandte, 
is marked by the height and narrowneBS of the cranium, espe- 
cially in front, by the extent of the tenqtoral fossa, by the an- 
terior prominence of the apophysis of the chin, &c. 

All these types are only founded on secondary characters ; 
and, consequently, they have not the imp<Miance of the three 
primitive racet, founded, as we have seen, on the characters 
of structure. It follows also, ftom the circnmstanoe of the 
characters which constitute them being only secondary, tha.t 
many of these types ought to enter as aub-raeett either into 
one of the three primitive rac«« . already established, or into 
some other of those racei which may hereafter be established. 

However this may be, I have made ose, in my lectures, of 
these t}'pes, provisionally admitted to refer to fixed and deter- 
minate groups, the observations which have been collected 
concerning different people by travelling naturalists, sueh as 
Forster, BougtunviUe, Peron, &&, and more recently, Less<Hi, 
Quoy, Gaimard, Gamot, &C. 

Besides, to these characters, drawn from the cranium and 
the face, all those other characters, the union of which ctm- 
stitutes their force, are to be added: — ^the ccdour of the hair, 
the prominence of the lips, the opening of the eyes. Etc, and 
even the habits of those savage tribes which may be regarded 
as primitive, and consequently as a more immediate effect of 
their oi^anization itself. I do ncA speak here of the charac- 
ters drawn from the languages, characters of a very elevated ' 
order, but the development of which we must derive from 
' another science. 

Our bumness here is to establish anttl&meal cKaTacler$. I 
have proposed, dierefore, in my lectures, three principal ob- 
jects : — ^tbe first, to seek anatomical cAaraeters which distin- 
guish the human races from each other ; the second, to fblloir 
the modifications which these characlert experience in the 
fixations of these races, fpom the primitive race to the tub- 
race, and from the tub-race to the Mbet and /amiHei derived ' 
from it ; and the third, to go ba<^ to the particular Unrn 
which preside over the distribution of the particular brancbw . 
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of thfe' human species on the different points of &e surface of 
the globe. 

The study of these three pttrts of the physical history of 
num, formed the subject of my lectures of late years. But I 
cannot finish this article, without examining a question which 
is at this day much controverted ; — I mean, if the different 
races of men form a single species, or if, forming different 
species, they constitate what is called in natural history a ge- 
nus. A simple glance at the definition of the word species 
will be sufficient to cause all difficulty on this point to vanish. 

Bnffon defines species, — " A succession of similar individu- 
als which reproduce each other." M. Cuvier also defines se- 
cies,—" The union of individuals descended from each other 
or from common parents, and of those who resemble them as 
iquch as they resemble each other." Now, it is easy to see 
that this definition, given by Buffon and M, Cuvier, is com- 
plex, and that it unites two very distinct facts, viz. the fact of 
reproduction or of succession, and the fact of resemblance. 

Here the fact of the resemblance is completely subordinate 
to that of the suecessdon ; and Bufibn and Cuvier afterwards 
agree in this themselves. " The comparison of the rcsem- 
blanee tit individuals is only," says Bufibn, " an accessory idea, 
and often Independent of the first (the idea of constant suc- 
eessten by generation)." " The apparent diftrences of the 
races of our domestic species," says M. Cuvier, " are stronger 
than those of any savage species of the same genus." 

Besides, the appreciation of resemblance is always more or 
lesB arbitrary. One naturalist often finds a resemblance im- 
portant which another naturalist considers slight. The foun- 
dation of all natural history (for the foundation of all the na- 
tural history of organized beings is the positive determination 
of the species) would only repose, then, on an arbitrary i^ 
preciation. 

The idea of resembtanee, as Buffon says, is only ah accesso- 
ry idea. It is, in other words, a subsidiary means which na- 
turalists employ for want of the only decisive means, the. fact 
of the succession ; but when the decisive means, the fact of 
the succession is known, the subsidiary meant ought to be ex- . 
eluded. ■ \ ■ 
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The fiwt of the ttteeenion, therefore, *nd of the mmOhU 
tuccesfion, constittiteB alone the unity of the tpeciet. Thus, 
unity, absolute unily, of the haman species, and varietg d its 
races, as a final resnlt, is the general and cwtun conclu- 
sion of all the &cts acquired concerning the natural hittory of 



On certain Circumttaneet affecting the Colour of ffogd during 
Coagulation, t By Patxick S. K. NswiiootHO, M. D. 
F.R.C.S.E., formerly Senior President of the Royal Medi- 
cal Society, one of the Medical Officers of the New Town 
Dispensary, &c. (Commuiiicated by the Author.) 
During the summer of 1834, whilst engaged in proeecoting 
some inqniries into the state of the hlood in eruptive diseases, 
my attention was called to the ^pearance of various vermi- 
lion-coloured spots, represented upon that portion of the coago- 
lum which had been in contact with the lowest part of the 
cop, in which the blood drawn from a patient had been received. 
On examining the interior of the cup, I found that the outline 
of that portion of the ornament which was of a green cdonr, 
corresponded exactly with the figure of the vermilion-colom^ 
spots on the clot ; upon the rest of which, where in contact 
with any of the other colours with which the interior of the 
cup was decorated, no change was observable. The circum- ' 
stance appearing curious, and not as yet, as far as I knew, 
noticed, 1 stated the fact in a short communication to the 
Royal Medical Society. Thereafter I was induced to repeat 
the experiment with the same cups in several instances in 
which 1 had occasion to draw blood, and always with a aunilar 
result ; the green invariably striking a bri^t red, contrasting 
strongly with the dark hue of the surronnding coagulnm. 
With the view of satisfying myself that the appearances were 
alt<^ther miconnected with any diseased condition of the 
blood, I procured an individual in perfect healtii, from whom 
I let blood in the or^ary way. In this, as in other instances, 

* AnnileB dea Sdencea, N»t. I. x., Dec. 1838, pp> 36t, Ac 
+ Bead before the Royal Society of Edinburgh, Much 1839, bf FiofMaar 
Forbo, wlio, •long with ffir John BobiMU, wltnMMd aevaial at thm experi- 
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Ae gr««n produced predeely tixt ssme vermilion figures. 
Finding this to be the case, I determined to ascertun, as far 
as I had an opportunity of doing so, whether, and to what ex- 
tent, any other colonrB produced a similar effect ; for as yet I 
had seen no change irom contact with any colour excepting 
green. My interest was still further increased, by understand- 
ing from Dr Abercrombie that he had made a similar remark. 
With this view I procured a variety of cups, with devices of 
Tarious colours decorating their interior ; and these I used in 
many cases in which I had occasion to draw blood, but with- 
out succeeding in obtaining any change of colour upon Uie 
ooagulum, except from the green. This was invariable, pro- 
vided the colour was decided and brilliant ; the impres^on 
en the clot being always an accurate representation of the 
ornament on the cup. The result of these observations I com- 
municated in a short notice 1 read to the British Association 
at their meeting in Dublin in August 1835. 

Owing to an absence abroad, it was not till lately that 1 
had an c^>p<Mrtunity of resuming my inquiries into the subject. 
During the last two or three montiis, however, I have made a 
considerable number of experiments, under various circum- 
stances, with tiie view of ascertuning some of the conditions 
which affect the result. 

I procured a considerable number of cups, with devices of 
different descriptions both as regards figure and colour, and 
subjected them to tiie usual method of making such observa- 
tions, as often as a suitable case presented itself. In order 
also to trace if possible any connection, if such existed, betwixt 
the substances of which the ornament was composed, and the 
appearance on the blood, I obtained, through the obliging 
introduction of Mr Child of this city, a communication from 
Mr Ridgway of Staffordshire, giving much practical informar 
tion as to the different ingredieota which are used in orna- 
menting china. From him I learnt, that the bright green 
colour is composed of the green oxide of chrome, and laid on 
as a pigment in the usual way. Whilst another and very 
common method of ornamenting china was, by laying upon the 
biscuit previous to its being glaced, a device printed and oo- 
low«d upon paper. By this mode there is do perceptible «!»• 
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la the progress of numerous invest^tion^, I found that 
there was invariably an accurate representation of the omar 
ment, provided the colour was of bright green, and slightly 
elevated as it is ^en affixed to the china by the former ope- 
ration, bat could observe no effect whatever in those cases 
where the decorations ^peared to have been produced by the 
latter process. With the view of further illuetratiog tba sub- 
ject, I caused the seven prismatic colours to be ptunted on 
separate lozenges at the bottom of a cup, and had them coated 
with copal varnish. Out of four experiments which I made 
with this cup, I procured no cliange excepting in one instance, 
and that was merely a light mottling, barely appreciable, but 
in no respect corresponding with the effect produced by t^ie 
green ornament in my former experiment. Up to this period, 
there appeared to me to exist two conditions, either of which 
mi^t effect the result, namely, the brightness of the green 
ornament, and its partial elevation on the surface of the china ; 
— the first being apparently connected with some diemical 
cause ; and the latter possibly with the pressure upon the dot, 
or the order of distribution of the globules of wluch it is com- 
posedf as affected by the elevation of the ornament. 

Oxygen being the Vecognised agent, producing the change 
from the dark purple of the venous, to the bright vermilion tint 
of the arterial blood, in the absence of any other probable ex-' 
planation, it suggested itself to my mind that, possibly, there 
might be some peculiar affinity betwixt the bright green and 
that element of the atmospheric air, causing some of it to linger 
on the surface of the ornament, when the rest of the air had 
been expelled from the cup by the entrance of the blood. I 
resolved therefore to try whether another substance, similarly 
affected by oxygen, would produce any thing like a similar re^'^ 
suit. For this purpose 1 made a solution of isinglass with pro-' ' 
toxide of iron, the effect of oxygen on which is to convert its 
leaden colour into that of a reddish brick, and poured it li^uif _ 
into a cup, with a bright green device, that had, in every in-^ 
stance in which it had been employed, struck the correspond-'' 
ing vermilion image on the blood. On inverting ttie coaguluin 
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which was thus formed, after the upper surface, exposed to th« 
air, had assnmed the red colour, it was finmd that the rest of it, 
in contact with the interior of the cup, presented the leaden 
colour, withoat any trace whatever of change of tint on the 
part corresponding with the green ornaments. Unsuccessful 
in this, in order to assist me to estimate how far the other 
condition which I had observed, namely, the partial elevation 
of the green ornament, was connected with the result, I had 
artificial elevations made in the interior of the cup, by fixing 
a small piece of wood of the size of a button mould in the 
bottom of it, covered with copal varnish. Daring repeated 
experiments, the only effect from this was a depression cor- 
responding to the elevation, but no perceptible change of 
colour. Still further to test how the efTect might be produced 
by the impression of the elevation on a coloured surface, I 
substituted isinglass coloured with cochineal, which, when co- 
agulated, and inverted, somewhat resembles the clot of blood. 
In this instance there vas a depression corresponding to the 
elevation of the green ornament, but no change of tint. 

Satisfied that the appearance could not be accounted for 
by any mere mechanical efiect produced by the impression of 
the eleration, it occurred to me that possibly the blood in coa- 
gulating might so arrange its particles in relation to the orna- 
ment, as to produce the phenomenon described. With aview 
to test this, I drew blood into a plain white cup, and, after com- 
plete coagulation, removed the clot into one whose decoration 
had on many occasions given the vermilion colour. After 
allowing it to remain here for some hours, I again inverted it 
in the usual way, and procured a most accurate and beautiful 
representation of the ornament as in my first observations. 
This of course entirely contradicted this hypothesis. 

Thus far in my observations I had remarked nothing to 
disturb my conviction of the appearance being connected with 
the colour of green. In no instance, and I had made upwards 
of sixty observations since I first noticed the. circumstance, 
had I been able to observe the slightest difference of tint, when 
tiie ornament was of another colour. Upon a recent occasion, 
however, iriien employing a smaU cup with, the device of a 
flower, pf.a.Jl^iluBh or GniifsoitO(>lour>,dwker towards the cir-. 
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cumference of the petals, and shaded off towards the oontre, 
I was much surprised, on inverting the clot, to find a most per- 
fect representation of the flower upon its sorface, not only 
giving its outline with the utmost accnracy, but the different 
shades of the bright red corresponding in intensity with the 
darker and lighter puts of the ornament, so as to present to 
the eye a very fair image of the flower itself. On examining 
the cnp minutely, it appeared to me that the colonn had bean 
lud on by the brush, and the margin of the petals of the 
flower being darker than towards their interior, was propor- 
tionally elevated. Subsequent experiments with the same 
cup produced the same result. This is the only instance, 
however, in which I have observed an effect from any other 
colour than green ; and, during the course of my observations, 
I have employed cups with almost every variety of ornament, 
boA as regards device and colour. 

It is unnecessary to add, that this nngle observation at <moie 
put an end to any conjectures which I might have formed as 
to the green colour being indispensably connected with the ef- 
fect. Whilst, on the other hand, it has left me still more in the 
dark than ever, as to the cause of the appearance I hare ven- 
tured to describe. Nevertheless, I have thought it rigbt to de- 
tail, in the way I have done, the different steps I hare pnrsoed 
in my inquiries, unsuccessful though these have been, in the 
hope that my doing so may aid in su^esting to others, some «• 
planation of the phenomenon which I have been anaMe to 
give, as well as facilitate the inquiries of those who may be 
disposed to prosecute the investigation farther. The nb- 
ject is one which has interested me not a littie ; and I shall cer- 
tainly not lose sight of any opportunity which may ofier of 
procuring additional information that may tend to throw any 
light upon it. 
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The blood fulfils, in the animal economy, so important a 
part, tmd its history is cotmeoted with so many questions full 

* Vitaa " B^porl fikit ^ I'AMdemie de* Bdeoow le 31 Deoembre VU8, 



of htteff«t to soimoe, that the stod; of it mnit natursUy fix 
tile attention of a, great niunber of physiologists ; and when 
the discorery of the microscope came to enlarge the field of 
their investigations, they did not fail to inquire if this power- 
fol mstntioent could not reveal to them some new character 
in the nourishing fluid of animals. This hope has not been 
diwypointed, and, by the aid of the microscope, one can easily 
ooDTiuce bims^ that the blood, tar front being formed only ' 
of a liquid holding difiieBt sobitances in sohition, is essen- 
tially composed of innumeraUe iiolid eorposcles, whidi swim 
suspended in a particular fluid, and iritidi affect constant fonoL 
Malpi^ spears to be the first who remarked the existence 
of these corpuscles ; he did not, however, form an exact idea 
of their nature, and it was principally to a man of a much leis 
elevated genius, Leenwenhoek, that the merit of the demon- 
stration, if not the discovery, of this truth belongs. His first 
observations go back to 1673, and this date is also that of onr 
first precise notions concerning the form and nature of the 
globules of the blood. 

Jnrin, Senac, Muys, Fontana, Hewson. afterwards added 
new facts to those established by Leeowenboek, and rectified 
some errors into which this observer bad fallen. The re- 
searches of Hcwson, above all, deserve to be mentioned with 
praise ; and from this series of laboora has resulted a body of 
valuable physiological knowledge. But towards the end of 
last century, the microscope had the fate of many other new 
inventions. After having its utility exaggerated, and having 
been employed to support the foolish {peculations of genius, 
men fell into the opposite extreme ; they magnified its incon- 
Tenienoes and dangers ; then they almost entirely neglected its 
employmeat, and only ^wke with distrust of the greater 
number of the results obtwned by its aid. They even went 
the length of calling in question the existence of the globules 
of the blood, and ascribed to <q>tieBl illusions what Leeuwen- 
boek and his successors had said opnceming them. For a, 
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time, Hwa, ih» discoTeries of muffogvaphers were, in aome 
measure, lost to phjaiology ; and it was neceaeary, in ctfder 
to reintroduce them into science, that they sboiild obtain the 
■anctioB of modem obMnrers, whose laboora b<H<e the seal of 
those rigorong minds, which will not allow themselves to be 
coBvinced until titey have acquired all the proofs necessary to 
oonvinoe others. This re-eatablishment of the microscope in 
^e eyes <^ physiologists does not go twenty years back, and 
it is not one of the least servioes which MM. Prevost and Da- 
mas have rendered to science by the publication of their re- 
searches on the blood. 

Anvmg the curioos results t^jtained by these two obserrers, 
there is one which, formerly perceiTed by Hewson, ought 
especially to interest zoologists, — the coincidence of a certain 

Jbrm in the globules of the blood, and of oertun pecnliarities 
in the general plan of the organization of the animals in which 
they hare studied them. In different individuals of the same 
species, the corpuscles which give to the blood its colour, are 
all, with very few exceptions, similar to one another, both in 
relation to their dimensions and their form. In animals of dif- 
ferent species, their dimensions may vary, and these varieties 
are sopietimes very great, even in beings which, in other rejects, 
have a striking resemblance ; but the form of the globules of 
the blood only appeared to change from one class to another, 
and not to vary in the different animals bekmging to the same 
natoral division of the animal kingdom. In all the mamna- 
fera, indeed, submitted to their examination, MM. Pravost 
and Dumas have constantly found that these coipuseles wove 
circular, and resembled snail discs marked widi a central 
j^t equally circular ; white in birds, reptiles, utd fishes, they 
have always seen these globules elliptical, and provided with 
a spot in the centre, of the same form, vriiich appeared to 
Uiem to he an internal nucleus. 

About the same epoch Rudo^>bi annoonced that in the blood 
of many fishes, such as the perch, the plaice, and the sole, the 
globules were circular, similar to those of the mammifem ; b«t 
mere accurate observations have ^Mwn that this physiologist 
was led into ertoe by the oltwations which these rtoipuitcles 
easily undergo ladet the influence ai water and niaiiy'«th»' 
agents. 
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This exception, tb«D, to the general|nde, deduced firomtbe 
'oheerrations of MM. Prevogi and Dumas, does not enst in 
reality, and new microeec^ical researches on the fdiTuoal con- 
Btitntion of the blood, made b; a great mnnber of phyeiolo^sts 
in Germany, England, and France, have snceessivelj enlai^ed 
the bases on vdiich it rested. MM. Prevost and Domas had, 
it is tme, established the exigtence of circular globules in the 
embryo of the chick during the early period of incubation ; 
but, in animals which have already passed the period of the 
metamorphoses characteristic of the embryo state, no Bimi- 
lar anomaly was known, and after a considerable number of 
particolar obserrations alreac^ collected, it appeared to be a 
legitimate conclusion that, is vertebrated animals, the blood 
with circular globules belongs essentially to the mammifera, 
and that the blood with elliptical globoles was peculiar to the 
ATes, reptilia, and jHSces. Now, these two groups of vertebra' 
ted animals difibr also tram each other in their mode of repto- 
dnotioD, and it was not uninteresting to obsMre that the blood, 
in all oriparons vertebrated animals, differed by so clear cha- 
racters from that of the Tertebrated provided mth mamnue. 

M. Wagner, in a recent pnblication, has announced that, in 
the lamprey, the globules of the blood are circular ; but the 
lamprey is a fish so abnormal, and iqipears in so many rela- 
tions to approach to invertebrated animals, in which the BoHd 
oorpOBcles suspended in the nourishing fluid are also circular ; 
that this exception seemed to be explained by the nature even 
of the animal in which it was found, and did not appear to be 
sufficient to diminish the importance attached to the differences 
of forms, already observed in superior animals, between the glo- 
bules of the Uood of the mammifera and oviparous vertebrata. 

Snch was the state of this point of science when M. Mandl 
presented to the Academy the note of which we are goii^ to 
pve an account, and if we have entered into these histtmcnl 
details, a UtHe too miimU^ perhaps, it is because they ^^teared 
to UB necessary in order to malce us duly i^predate tite inter- 
est of the new observations submitted to onr examinatatm. 

By pursuing researches on the microsoopical characters of 
di^rant organic tissues, rvsearehes winch he proposes to ool> 
Iset iatO'One work, some parts of «4iieh are ah^ady buteo 

VOL. XXTII. NO. LIV. OCTOBSB 1839. B b ^umQlc 



806 Oh the Form of tkt OioMea tf 

the public, M. Mandl h&s been led to examine th« blood in 
different PTiimul'^ The menagerie of the Royal Garden, alway* 
open to those who Berionsl; desire to profit bj its riches ia 
order to advance science, has affi>rded him an opportunity of 
greatly multiplying his obBerrations on thia subject, and of 
arriving at very unexpected results. He at first established 
that in a great number of mammifera whose blood had not yet 
been examined by the microscope, for example, the papion, a 
jTuenon, a saj'ou, the coati, the kinkajou, the elephant, the tapir, 
the hetmotutt, and ib.e tloff, the globules are circular as in all 
the other mammifera already studied with regard to this par- 
ticolar ; but he found afterwards that in the dromedary it ia 
quite otherwise. There, the gMndet of the blood, imtead Of 
Mng circular, are eUiptieal a* in birdt, reptiiei, amtfiehee. 

The dromedary belongs, as we know, to a small natoral 
fiouly, in the order of mminants, and is represented in ths 
Old World by the genus camel, and in the New Continent by 
the genus lama. It became consequently very interesting to 
see if the singular anomaly offered by the blood of the drome* 
dary would be found also in the blood of the lamas. In otda 
to resolve this question, M. Mandl has taken advantage of an 
alpaca in the menagerie of the museum, and, in the note ad- 
dressed to the Academy, he announces the &ct that in the 
blood of this animal the globules are also of an elliptical form. 

Your commissioners have, along with M. Mandl, repeated 
thi'se two observations, and are satisfied of their accuracy. In 
dr. medarieg of both sexes, as well as in the alpaca, the globolet 
of the blood are certiunly eUiptical : their great diameter ii 
about tij^ of ^ millimetre, and their small diameter about 
g^gth. These corpuscles are, as you see, smaller than those 
of any known bird, reptile, or fish, and tqiproach in their 
dimensions the globules of the other mammifera. The ellip> 
tioal central spot, which they present, appears also to result 
from a depresdoD rather than from the presence of a promi- 
nent nndeui ; finally, it is also proper to remark that the blood 
of these animals, as well as that of ihe other maounifbra, con- 
tains, beddes these red globules, certain white and rounded 
corpuscles of m<H^ considerable volume, corpuscles wtudi M. 
Maadl believes to be farmed of fibrine. We shall add fiurthor* 
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tluit, io mrder to preserve oanelveB as much as possiUe from 
th« causes of error to which observations of this b<^ are ex- 
posed, we have examinect by the microecope the drop of blood 
immediately after extracting it, and to retard its coagulation, 
after extending it in a very thin layer, we have only covered 
it with a plate of glass, without adding any thing to it. Lastiy, 
our observations have been made with a microscope of Che- 
vallier, magnifying about 500 times, and our measures have 
been taken by the tud of a clear chamber adapted to this in- 
strument. 

We wish we had been able to examine in like manner the 
blood dF the camel with two protuberances, and that of the 
vigogne, in order to assure ourselves if this character, so ab- 
normal in the class of the mammifera, is found in all the spe- 
cies ctf tlie family of the camelidse ; but the menagerie does 
not possess any at present. 

In oxen, sheep, goats, antelopes, and stags, the globules of 
the blood are circular ; is it the same in the girafe, which, in 
certain respects, approaches more to the camels ! This ques- 
tion has appeared to us to merit examination, and to resolve 
it, your commissioners, in concert with the author of the'Te- 
searches, of which we are now giving an account, have submit- 
ted to microscopical examination a small drop of the blood of 
the girafe in the Museum, obtained by means of a slight punc- 
tni« made in the lip of this animal. But the globules did not 
present any thing particular to us ; they are circular as in the 
ordinary mammifera, and are in diameter about i^oth of a 
millimetre. 

Thinking that the blood of the martupitUia might, like that 
of the camelidse, present some anomaly, we have examined it 
also in the kangaroo with nfUtkeri. But here, too, the globules 
are circular, and it is only worth while to remark, that their 
magnitude is less uniform than in most of the mammifera, 
and that their dimensions have appeared to as to vary be- 
tween ifrth and lijib of a millimetre. 

These new facts appear to na to increase the interest of the 
observations made by M. Mandl ; for they shew how general 
the tendency of nature is to give to the globules of the blood 
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of the mamnufera a areolar form, and oonseqneiitl}' ibey itlsa 
add to the Eingularity of the exceptioB eetablished by Has 
yoong micrographer, an exception whicli shews how miui 
caution ia necessary when, in ctanparatiTe pbyaology, one draws 
general conclusions from even a very considerable number of 
partictdar facts. The stady of oi^anised bodies reveals to us 
the tendencies of natnre, but has conducted us very rarely to 
the knowledge of the laws which govern her works. 

It were much to be wished that naturalists would not allov 
any opportunity to escape, in order to complete our knowledge 
couoeming the form, the dimenmons, and the structure of the 
globules q£ the blood ; for an exception to a rule, in appeaz^ 
ance as well established as that relative to the constancy of 
this ftmn in each of the classes of vertebrated animals^ may 
make as suppose that there are other similar anomaliea ; 
and it is perhaps by means of these exceptitma that we will 
ultimately be able to seize the relations ' iriiich on^t, very 
probablyvto exist between the physical characten of these 
corpuscles, and other peculiarities of the organination. This 
is a subject of research which we would recommend to travel- 
ling physiologists, and to those whose position in lai^ mena- 
geries allows them to multiply and vary their obserrattom; 
for experiments of this nation do not subject the animala aab- 
mitted to them to any danger, and may ^ve results fhli of 
interest to physidogy. It would i^tear to tis, above all, import* 
ant to examine, in this respect, the blood of the Monotremeta, 
Edentata, the Phocse, and the Cetaoea, among the mammiferaj 
that of the Crocodiles, the Sirens, and the Axolotte, smoiig 
the rqttiles ; and among the fishes, that of the Bonites, wiraee 
temperature, according to Dr J. Davy, approaches that of 
warm-blooded animals. If, in this list, we omit the Cassowa- 
ry and the Ostrich, whidi, of all the birds, are the most ab- 
normal, it is because your oommisBtoners are idready snared 
tiiat, with relation to the fwm and dimensions of the ^obnles 
of the blood, these animitlg differ in no respect from all those 
of tibs same class already observed by micrographns. These 
corpuscles are really elliptioal, and have appeared to us Co 
have, in the Oofwrniiyo/ Nemltt^iand, ahcmtfytiihy xizAotii 
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' mjllhnetre, while in the Naudou, they are perhaps a little lees 
elongated ; for the mean of the measnres we have taken has 
given fVtfa by ilsd of a tniUimetre. 

With re);;tu*d to the note of M. Mandl, it may be seen that 
we have found hia ohservations exact and interesting, and we 
accordingly propose to the Academy to view them favourably, 
and to engage this physiologist to prosecute the researches, 
an account of which we have now given. 

Some Account of Violent Columnar WTiirbvmds, which appear 

to have resulted from the action of large Circular Fires ; 

with Bemarks on the same,* By Mr W. C. Rbdfielo. 

Since my attention was first attracted by the phenomena 
of onr great whirlwind stonns, I have found frequent occasions 
fur noticing the points of analogy, and also of dissimilarity, 
between these greftt storms and the smaller classes of whirl- 
winds which are known under the various names of squalls, 
thunder-^usts, tornadoes, water-c^onts, sand-pillars, and the 
like. While pursuing this inquiry, I received information of 
a few cases in which whirlwinds of great activity and violence, 
appeared to have resulted from the action of iires. The &ct8 
attending these cases, as then related to me, were carefully 
noted, and were laid aside with a view, at a future period, to 
incorporate them with a more general account and examina- 
tion of the smaller description of whirlwinds, than I have yet 
found it G<«ivenient to nitdertake. In the mean time, the ver- 
bal statement of these cases, both in Enrc^ and this country, 
through the medium of a friend who is distinguished for his 
atttdnmeots in science, appears to have exited some interest 
in the minds of meteorologists and others, and has occasioned 
i^Uoations to be made to me for a full statement of the iucts. 
1 diwefbre hasten to give them publicity, without the delay 
which the execution of my original purpose would necessarily 
oeoasioD. 

The most rec«it of these oases, being the first of which I 
obtained notice, occurred in the year 1890, in the township of 

* Bead befors the Coim. Acad, of Arta and 8c., Ju- 33. IS3S ; kftenraida 
paUiahcd in vol. xxxvi. of SiUiman'i Joomal. .. , 
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Greenbnsh, near Albany. My account of it was obtained nam 
after, from WiUiam Akin of Greenbusb, an observant and 
highly respectable member of the Society of Friends, on -whose 
&rm the phenomenon happened. The facts were carefiilly 
taken down in the presence of Mr Akin, irom his statements, 
and the account thus obtained was, by his assistance, carefiilly 
revised and c<HTected. 

Statement of William Akin. 

" In the year 1830, I had cut the timber from a small tract 
of woodland comprising about twenty -five acres, and the brush- 
wood throughout the field had been piled and prepared for 
burning. Previous to firing it, the brushwood lying near the 
outskirts of the field was moved inwards, in order to prevent 
the spreading of the fire to the surrounding woodlands, the 
materials thus removed forming a circular range or heap 
around the general mass of combustibles in the area of the 
field. On a warm and perfectly calm day in the summer, this 
circle was fired on all sides, nearly at the same time. The 
emokc and flame soon gathered towards the centre of the field, 
where they whirled and ascended with great rapidity, in a 
single column. With the strength of this whirl the fire rapidly 
increased, and the heat aud fiame from opposite sides, pressing 
inwards towards the ascending column, the latter continaed 
its spiral or whirling motion with great rapidity and violence. 
It was a magnificent spectacle ; and was attended with a load, 
roaring lioise, and a sort of crackling aud nearly continuous 
thundering; resembling that which I have heard in a violent 
hail-storm. 

This remarkable noise, which I think might have been heard 
at a distance of several miles, was also accompanied by fre- 
quent and loud snappings or explosions, resembling the reports 
of mu^ets and pistols, as sometimes beard in an irregular 
running fire of militia. 

This roaring noise and the powerful whirling motion of the 
column, continued for a period of about twenty minutes, as 
near as I can now estimate. The swift whirling of the whole, 
exceeded all my previous conceptions of the velodty of wind. 
The height of the smoky column seemed afanott as great as the 
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vy* could reach. At timee, the column would assume s Bona- 
OU8 or wary direetion, and would again become straightened 
into its upright portion." 

I learned also from Mr Akin, that he has on several ooca- 
gions noticed a whirling motion in the clouds during the ezhi- 
Intion of a violent hail-storm, and that such storms, aocord- 
ing to his observation, are always attended by a continuous 
thundering roar, not unlike that of the above-described wbixX- 
wind. One of these hail-storms he described as pas^g within 
three roods of the house in which he redded ; tearing up trees, 
Boattering their limbs in the air, and desolating a path or track 
of about fifty yards in width. Another of these storms, of a 
more extended character, Mr A. describes as very destructive 
to the &rm on which he then lived, and as having left the 
ground covered with hailstones, to the depth of four or five 
inches, and in particular situations, to the depth of even 
twenty inches. This hul-storm acted on a tract of near two 
miles in its entire width, and was also attended with the above- 
mentioned peculiar noise in the atmosphow during its con- 
tinuance, and also with heavy thunder and vivid lightning. 
In this last case, no whirlwind was felt at the surface, but he 
supposes one of considerable magnitude to have been in action 
in the atmosphere. 

For an account of another interesting case of the same cha- 
racter, and which I received not long after the above, I am 
indebted to the Hon. Theodore Dwight, now of Hartford, 
Conn, and formerly a reMdent of this city. It was related to 
me more than once by this gentieman, for my gratification, 
and was, at my request, drawn up by himself, and kindly placed 
at my disposal 

Statement of Theodore Bwiffkt, Etq. 
" In the month of April 1783, I resided at Stockbridge, In 
the state of Massachusetts. The season, for a number of 
weeks previous, had been remarkably dry, and in various places 
much mischief had been done by fires which were kindled in 
the woods. Beside other fires, one occurred upon a mountain 
Ijing between Great Barrington and Stooklnidge, which spread 
and advanoed till it reached the northern tennination of the 
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mbuBtuBf soath of Stoddiridge, neir the rirw HouaatiMUC, 

whicli runs dircnigh the town. Near the foot (^ the moantaiii 
at its northern temunation, was bn open field, in wbicii m. 
large quantity of bushes and brushwood, that had been cot 
Bome Ixme previou^y, in olearing the field, was lying in rows 
and heaps for burning, and had become perfectly dry and com- 
bustible. The owner of the field, as the fite reached near its 
border, sent some men to set all on fire aroood the field, in 
order to consume the whole together. The weather was mild 
Htid serene, and the atmosphere perfectly still and undistnrbed. 
I was residing at this time at the distance of about half a mile 
irova the fire, and my attention was suddenly excited by a loud, 
roaring Qoise like that of heavy thunder ; whereupon, going to 
the door, I instantly discovered the s^use. Upon the fire be- 
commg general throughout the field, a whirlwind had fi»-med 
in the midst of the flames, and when I first saw the phenome- 
non. Us appearance was sublime and awfoL The flames were 
collected from every ude into a large column, broad at tin 
bottom, but suddenly touring to a mach sm^er size, and it 
stood orect in the fifdd to the probable hei^t of 150 to 200 fe^ 
It was a pillar of living and most vivid flame, whirling round 
with most aatoaishing velocity, while from its top proceeded a 
spire of block smoke, to a height beyond ^ readi of the eye, 
and whirling with tho same velocity with the column of flane. 
The noise produced by this iriiirlwind, y/vi louder than almost 
any thunder I have ever heard ; and being much longer conti- 
nued, was hwrdata greater distance than IB commonly the case 
with thunder. Daring the whole period of its continuance, 
the pillar of fire moved slowly and majestically round the field ; 
but generally the air was entirely free from both fire and 
smoke, exoept what was collected in the column- The qtire 
of smoke above the pillar of fire, not only whirled around wift 
the most surprisfaig rapidity, but owing to its great height, 
waved gracefully in the w* which added m«eh to the beauty 
and ^lendour of the ezhibiti<ai. The f<HVe of the whirlwind 
was ao great, that young trea* of six or eight inches in diame- - 
ter, which had been oat and were lying on the ground, were 
taken up by it> «n(jl «anried- to the b«^ «f fertiy or fifty feet. :. 
The scene was to me perfectly novel ; and thon^ it occumd . • 
nearly fifty years ago, is still clear and distinct in my recollec- 
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tion, and it vas one of the most magnificent speotades tiurt I 
hare erer wittieeeed. 

« iV«M> York, a»A Nowmher 1831." 

Mr Dvi^t related, ako, that the men who li^^d up tli» 
field, became so alarmed by this whirlwind of fire, as to nAi 
for safety to tlw neigbbooriDg river. 

Daring a v\saX to Amherst, in Massachusetts, in the month 
of August 1832, I obtained from Dr Cowles, of that place, the 
following account of a similar case, which occurred in that 
vicini^, under that gentleman's immediate obserration. 

Statement o/Dr CmoUt. 

" In the summer of 1S24, 1 had prepared, for bnrning, the 
refiise timber and brushwood, on seven acres of pine wood- 
land, which had been cut over for some months previous. A 
stiU day, which proved very warm, was selected, in order to 
avoid the danger of extending the fire to the neighbouring 
woodlands by means of the wind ; and as the materials were 
in fine combustible order, I invited several Mends to witeess 
the burning. The combustibles were collected in piles uid 
ridges, and fire was set to the outward portions of the field, on 
all sides, as ftist as was conveniently practicable. The smoke 
and flames were now concentrated in a lai^ whirling column, 
over the centre of die field, rising in the fiirm of a cone, and 
ascending to a great height. It was attended with a heavy 
roar, which was heard at a great distance. Although on a 
perfectly calm day, the action of this whirlwind was so vio- 
lent as to remove fixim the ground large pieces of brushwood, 
even from places not touched by the fire, carrying them high 
in the air, from whence they afterwards fell without the limits 
of the burning field." 

I learned also from Dr Cutler, of Amherst, that his atten- 
tion had likewise been drawn to this phenomenon, whit^ he 
beheld from near his own honse, at a distance of a mOe and a 
half from the fire. He informed me, that it exhibited to his 
view, an elevated pillar of black smoke, attended hj a " roar- 
ing noise, like that occasioned by the violeat bondng of a' 
chimney." ■ . - ■ , ■ 
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ThaM ftatements wa« receirAd fnnn the ftbovA g^Uftmen, 
and separately and carefully not«d down on th« spot. 

An intelligent fanner, a remdent of Delaware ooonty, N. T^ 
whom I met on the 9th of May 1833, informed me that he 
had on several occasions seen whirlwinds formed in boming 
over newly cleared lands ; and had known them so violent as 
to take up heavy limbs or branches into the air. He had re- 
cently seen one in that country, which moved op the side of a 
hill, on a still day, and prostrated trees tn its coarse. 

In the burning of a wooden building, I have myself seen a 
momentary effect which seemed analogous to the foregoing ; 
and a temporary impulse of this sort, I believe, is not nncom- 
moD in large fires-* I have, however, seen no distinct account 
of phenomena lUce the foregoing, in those great fires which 
attend the burning of cities or forests, even if during a gale ; 
if I except the account contained in the following extract, 
which appears to indicate something of this kind on an ex- 
tended scale, 

" j4 Great fire, — Miramichi ismentionedt as connected with 
one of those tremendous fires which sometimes arise in the 
American forests, and spread havoc by circles of longitude 
and latitude. In the autumn of 1825, such a cahunity oc- 
curred on the river Miramii^ which extended 140 miles in 
length, and in some places 70 in breadth. It is of little con- 
sequence that no wind was stirring at the time ; for, as Mr 
M'Gregor observes, the mere rarefiiction of the air creates a 
wind, " which increases till it blows a hurricane." In the pre- 
sent case, the vroods had been on fire for some days without 
creating any great alarm. But "on the 7th of October, it 
came on to blow furiously from the westward ; and the inha- 
bitants along the banks of the river were suddenly surprised by 
an extraordinary roarmg in the woods, resembling the crash- 

* In die month of August last (1838), a ■imilar phenomenon was ob- 
swved in the burning of on« of the large wood-yarda and wood-honaeg, bo- 
longing M Yal« Collega. The yard waa a rectangular area, vith the wood 
arranged chiefly on the outer boundariea, and the same ascettdiog colnton of 
fluM and amoke waa distinotty obaerved by many, but mora paitionlarly 1^ 
Hr B. L. Hamlen, the printer of this Journal. 

t Miramichi ia in the Britiah province of New Brunawlch, neat the wulh' 
wNlem borders of the Oolfof St lAwienoe. 
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iag and detonation of loud and incessant tlinnder, while at the 
same instant the atmosphere became thickly darkened with 
smoke. They had scarcely time to ascertain the cause of this 
awful phenomenon, before all the surrounding woods appeared 
in one vast blaze, the flames ascending from one to two hundred 
feet above the top of the loftiest trees ; and the fire, rolling 
forward with mconceivable celerity, presented the terribly 
sublime appearance of an impetuous flaming ocean. Two 
towns, those of Douglass and New Castle, were in a blaze within 
the hour ; and many of the inhabitants were unable to escape. 

Multitudes of men on lumbering parties perished in the 
forest ; cattle were destroyed by wholesale ; even birds, unless 
those of very strong wing, seldom escaped, so rapid was the 
prt^ress of the flames. Nay, the very rivers were so much 
affected by the burning' masses projected into their waters, 
tiiat in many cases large qnantities of salmon and other flsh 
were scattered upon their shores. Perhaps the plague of fire 
has never been exhibited, or will be, till the final destruction 
of this planet, on so magnificent a scale." 

I am unable to give the authorship of this paragraph, which 
came to my hand through the columns of a newspi^jor ; but 
it appears to have formed part of a more extended notice of 
that region of country ; and the occurrence of this calamitous 
fire, is a fact well remembered. 

Remarka oh the foregoing Cruet. 

Among the many considerations suggested by these interest- 
ing phenomena, I shall notice in a cursory manner, the fol- 
lowing : 

1. The rare/action n>hichig ordinarily produced btffires^ even 
if they are of an extensive and violent character, i» not attended 
tvith the$e effectt. Common observation and experience are 
sufficient to determine this point, and to shew that rarefaction 
alone, is entirely inadequate to the production of such results. 
The strongest degree of heat which has ever been created in 
the atmosphere by fires, has never produced an ascending car- 
rent of sufficient power to prostrate or carry forward any con- 
tiguous body possessed of tolerable stability or weight, much 
less to carry any such body into the air. 
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'- 3. Tke f&regoti^ resiMt cem be accounted for, otdif iy a via- 
fclir tortieal action, steadily mainlained. This appears too 
plain to seed illnstration. 

S. The origin of the rotative action and its continuance for 
A consideraible period, in the circuit of conflagration, appear to 
he ehlejttf owing to tke circular outline of the eeveral fires, and 
to the abtencc of a disturbing horizontal current. When, how- 
ever, •the principal seat of the vortical action is found in the 
body of an elevated current of atmosphere, we then find that 
the progressive action of the foot of the whirling column upon 
the earth's surfiice, and the resistance which is also offered to 
its progress by an inferior cross current, are not snffitnent to 
break up, or sensibly impede, the regular actios and progress 
of a powerful vortex. This was strikingly manifested in tlie 
tornado which passed through the city of New Brunswick, in 
New Jersey, in June 1835. 

4. The ascending pomer if the vortical column or wAirtmind is, 
in these cases, strongly exhibited. We observe, that the heat«d 
^rfrom lai^ fires, or even from the most poweriiil furnaces, 
ejected in a column at the heat of melted iron, will ascend only 
to a comparatively short distance from the earth ; the ascend- 
ing force being lost tn the counter-movements and convolu- 
tions with the adjacent colder mr, and the combined product 
soon spreads off in a horizontal direction. But the spire of a 
columnar vortex, exhibits a penetrating and ascending power 
which far exceeds, both in its intensity and the extent of its 
action, any other ascending movement that we witness in the 
atmosphere. This effect appears to be owing to the spiral 
motion of the column, which presses onward in the direction of 
its axis, until it reaches a limit of elevation which is yet un- 
known. Even the ring vortex which is sometimes seen to tana 
at the muzzles of cannon or the ejection pipes of high-pressure 
steam-eng^es, on their discharge, appears to possess the qua- 
lities of a projectile, notwithstanding its unfavourable (brm i 
and is also carried forward throu^ the air, partly on the 
rocket principle, by means of the rotary action by vbxA the 
circular axis of the ring is involved ; the line of progress in ' 
this case being in the direction which is perpendicular to the . 
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place of the riog.* On the proximate caos^s and moe^tu 
cperandi of this ascending actioQ in the columnar Twtez, we 
cannot now dwell 

5. 7Ae wMdogy of the fmvgoing caeea to thote vioient colum- 
nar whirlmnde mhich are so often firmed over tie craters of 
active volcanoes, and the apparent identity of the eattses tpiiei, 
produce them, well deserve oar notioe. We may hence com* 
prebend the manner in which volcanic ashes, having no pro-? 
jectile qualities, are carried to a vast height in the atmoGphere, 
and become wafted to a great distance by the different cur- 
rents of the atmosfOiere into which they succesfflvely salwide. 
The loud roaring noise and thundering detonations, which 
usnally attend these vdcanic exhibitions, are also illustrated 
to some small extent, by the cases before us. 

6. It appears that these cases mere attended by electric ex- 
plosions or detonations, and that, apparently, there was only 
wanting the contact of more extensive masses of the hi^^er 
and lower atmosphere, and the presence of a larger body of 
aqueous condensation, as in the case of the so-caUed thunder 
cloud which BO commonly attends the naturally formed vortex, 
in order to have produced the phenomena of geniune thunder 
and lightning, on a most magnificent scale. This effect, it 
appears, is most fully produced in the volcanic exhibitions 
above mentioned. 

7. These cases may serve to illustrate, in some degree, the 
favouring influences which are presented in the co/m latitudes, 
near the equator, and on the exterior limits of the trade winds 
in mid-ocean, for the production of varticnlur action, either in. 
the form of squalls, thunder-gusts, or water-spouts. The. 
main horizontal movements of circulation which are common 
to our atmoe^here, being here comparatively sluggish or inert, 
opportunity is thus afforded for the minor influences of rarefi- 
cation to come into play ; by which means, frequent squalls, 
water-spouts, and other local movements in the lower abno- 
sphere, are excited in these regions. 

*'IlwvwtexlMndeaeribc>d'it alio pmdnced In a beantiful maiuer, by 
tbebuftbg «£ ImUilfa of fbot^hnntad hjHet^ffOk f^M, is th«f mk^ ftom 
watec. hi. .thja off» tlui -pwrnliu 4D«T«MBt««£ iWiinf yvdex, ww^h 1 
the ■ugUuiiiig and e^nnding power which sppean to belong: to aSiial vorU- 
en, tatij In advuitag«oa4r obowvAd. 
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9. The velocity and strength of the wind hi the rotatire 
action of a TOrtex, the axis of which is in a vertical position,' 
as in the above cases, greatlj' exceeds that which is exhibited 
in other drcumstances. 

9. We may perceive, also, in these cases, how eflectoaUy 
the heated stratum of air nearest the earth's surtitce, may be 
caused to penetrate a homogeneous and colder overlying stra- 
tum of current, by means of the vorticular action ; a move- 
ment wliich is otherwise physically imposeible, except in a 
partial degree, by means of other concurrent movements or 
javonring circumstances. 

10. These considerations, and others which suggest them- 
selves, will enable us to account for the sudden and rapid for- 
mation of bail, in summer bail-storms and tornadoes ; and in 
the structure of the hailstones, in successive layers, and their 
occasionally fractured condition, we may perceive both the 
evidence and the effects of the violent vortical action, and the 
Buccesuve changes of temperature and hygrometric condition 
in which they have been successively placed, before leaving 
the vortex, and while falling to the earth. 

11. These cases, viewed in connection with the natural phe- 
nomena which have been exhibited in a multitude of instances, 
appear fully to confirm the opinion of Franklin, in favour of 
the general identity of the columnar whirlwinds with the so- 
called nater-ipoutt. 

12. By the clue which is here afforded us, in the peculiar 
noise and rumbling detonations of these violent whirlwinds, 
we may become apprised of the existence of a violent vortical 
action in the atmosphere, or within the envelopment of a 
visible thunder-cloud, even in those numerous cases in which 
the vortex or whirlwind does not reach the earth's surface. 

13. Perhaps we have also, in these noises, a cine to the 
sounds which are ascribed to certain moving sands, in the heat 
of summer, as in the case of Jebel Narkout, or the sounding 
mountain, near T(ff, on the Red Sea,* and also in the Beg- 
ruwan, on a hillside, near Cabul, which is described by the 
Emperor Baber and by Capt Humes. From the descriptions 

* WeUriMl's Tmvds in AzaUa, Load. IBSfi. VoL U. yg at-S7. 
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glivan of the leoilitieB aUd t^e other circumstanceB which Rfe> 
tebd these sonnds, which, however, cannot be here recited, I 
bave been led to infer that they proceed from the action of a 
'whirlwind formed on the leeward side of the hill, and revol- 
ving npon a horizontal axis ; analogous in a d^ree, as I rap- 
poM, to the celebrated Helm Wind of the Croes Fell Monn- 
tun in Cumberland (England). 

The inquiry opened to i» by the consideration of these phe- 
nomena is extensive and tnt«reflting, in alllta beazingi, and I 
cannot but regret my inability to pursue it with the attention 
which it BO well merits. 

New YtA, Deoambet SI. 1BS8. 



On the Beproduetion of tie VirgtUaria or Pennatula mirabilia. 
By Sir John Qrahah Dalybll. Communioated by the 
Author. 

Few animal prodnota are to little known as thiB, whioh ii 
one of the most ungolar and beautiful in the universe ; nor, in 
as far aa I am aware, is any oorreot representation of it ex- 
tant. None that I have seen boars even a distant resemblance to 
it, in the living state, excepting that of the indefatigable M ill- 
ler, whioh seems, nevertbelees, as much the result of reoolleo- 
tion, as of actual delineation at the moment of inspection. 

The original is not to be recognised from preserved spe- 



Having previously explained the varioos modes observed by 
me, wherein different genera of soophytes perpetuate their 
race, I propose to devote a few words here to that of the sub- 
ject in question. 

The virgularia preserved in spirits bean some imperfect re^ 
semblance to a feather, whenoe the name petmatula, recently 
converted to virffidaria. But, although difficult to be described, 
1st the reader rather oonceive a yeDow fleshy rod, environed by 
a numerous seriss of oblique thin leaves, forming three-fourths 
of a oirde, with ei^t or ten small marginal knobs on each, 
unfolding into as many asteroidal bydne. The remaining 
fourth of the drole it quit* smooUi and aniform. A central 
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(aw Sa^ 3. G. DftlyeB m »e J^ptvOimtiak of the 
bone, Borprimngly'dender for -its length, ocenplM t^e tmdAt or 
therod. 

When inaotive, the pesnatola is of a ilattened figure, not 
cxoeedmg three Uboh seroaB. When active, or in a state of 
intameMeDoe, H would occnpy three-fourths of a cylinder nine 
or ten tines wide — the remuning fourth being oeariy vacant, 
from tks flattened side above described. But, in respect to 
length, we are at this day altogether ignorant of its real dt- 
mensionfl; fw it is a prodnot never to be obtained entire, 
'Commonly, we find it in fragments seven or eight inches long. 

The largoDt specimen oocnrring to me extended twenty-three 
inohee, of whieh l^bone occupied no less than ei^teen. But 
this also was rantilated, for an inch of the bone at one end was 
bare, and had been so for some time, as the habitation of ano- 
ther wiimal was seated on it From the portion of the flesfa 
lost here, and from that extending beyond the opposite extre- 
mis, the specimen, entire and vigorons in its native element, 
could not have been shorter than thirty inches. The bone is pro- 
bably the longest cylindrical osseoas or shelly product known, 
its length equalling about five hundred times its diameter. 

The Vitgolaria mirabilis, and that zoophyte to which I fw- 
meriy alladed as the Sertularia uier (or argentsa, according 
to the recent learned and useful woiie of Dr Johnston), bofli 
dw^ing in the Scottish seas, peiiiaps exceed the length of any 
others hiUierto distinody specified. 

The mnltitude of animals and of organic parts oomporang 
them surpass belief. On a specimen of the viigularia seven 
inches kmg I computed 130 leaves ; on each leaf 20 hydne, 
each with 8 tentacula, and 20 pinnae on each tentacnimn ; thus 
afibrding 416,000 organic parts belonging to the specimen, all 
subject to vcJition. But it is probable, that, in the larger spe- 
tnmen above destnibed, the parts under control exceeded a 



In common with most inhabitants of the deep, the vit^ularia 
is striody a nootnmal product, whose action commences with 
the approach of night ; fw it is then only that its intum^ 
soenoe, relaxed throughout the day, and the vigour of its 
QUnenHu hydne, are oiaDifested. 

Wfaethw it enjoys a locomotive faculty, or whether, grdmiig 



iff the. Firgidaria or Penmati*ta_ nttrtAHiK • ' Ml 
upni^t, it is Tooted to the fame c^ot, bu mit bem- jrrt mmt- 
tained. If lying flat at the bottom of the sea, its prognwaion 
must bo extremely slow. Kept in a tall jar, the body forms 
itself into several volntet. For example, a Bpeckaen, eight 
inches long, will exhibit a nngle spir^' throm^out the whole 
length at one time, and at another, there may be three or four 
spirals —or, as we should say, tknad$ of a tdiw— ooonpying its 
extent 

On the whole iU nature bears an intimate i^esemblaufle to 
the Pennatula phosphoreo, and to ^lat of the Lobukna, mote 
conveniently recognised as the AUyiamn di^Uatumt but, un- 
like the latter, it exhales an agreeable and aomevhat inosky 
odour. The hydrc of all three appear to oorreqiond in cob- 
fonnation. 

The Virgulaiia mirabilis inhabits a small oiroumscribed 
spotaaid to h^ve a muddy bottom, immediatdy west of Incb- 
keith in the Frith of Forth.* Having employed two fisher- 
men to dredge there early in June, I procured a number of 
specimens, but none exceeding eight inohea in length. The 
more vigorous bmng selected, they were deposited in suitable 
glass vessels, and kept in a temperate atmo^here. Frequent 
inspection ander such oircnmstanoes is esseatial, in order to 
ascertain the uninterrupted purity of the liquid element, for the 
slightest oversight here will render all experiments abortive. 

In three days, yellow corpnsoules, somewhat ovwdal, were ob- 
served both ascending tJie side of me vessel as well as free in 
the water, and also descraiding. Some rose ten indies hi(^ 
amidst it, with a swift and active motion. Bomoving several 
by means of a watch-glass, I subjected them to the micro- 
scope, where they proved of a smooth, oonsistoitf fl^y, mii- 
form aspect, of an elongated ovoidal form, without any visi- 
ble external organs, and rapidly traversing the element. In 
all respects they narrowly resemble the planolse of the Sniula- 
Ha:, nor did they leave me any doubt of their animal nature. 

On the 25th of June, that is twelve days after the pre- 
ceding animals had appeared in the water, three nascent 

* Uan^ yean sgo, we dredged up JD ft wU ppw Bmr, I^itil rf VtaUt, 
fine iqieciiuetiB of Virgalarin minbUis. — Eoiz. 
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penna^ilffi were disoovered od the botttmi of tlie resnl, in » 
horizoDtal pomtioo, with a hydra or polypus derdoped firom 
one extremity of each, identically res^Dbling those of mature 
speMinens, and inclining apwards. 

Afterwards, I succeededin obtaining seven, which were brought 
to a situation sufficiently favourable for roioroscopieaJ obaer- 
vation. 

Here they remained, as also in other vessels, surviving 
until the end of July ; but in none was more than a single 
hydra developed, which, towards the close, ceased to diq>Iay 
itself, though the individual still lived, as is seen in other 
zoopb3rtes. 

But from ^e first they never shifted their position. This 
was always horizontal, and by a very slight adhemou : there* 
fore, I am rather induced to believe that if they are erect in 
their native site, as some fishermen assert, adhesion results 
from a loose fleshy portion, extending below, beyond the bone. 
1 must acknowledge, however, that I am incapable of arriv- 
ing at any satisfactory conclusion on this subject. 

Thus, much in conformity with the propagation of most zoo- 
phytes, a yellow ovum issues lirom the adult pennatuU, which, 
as in some others, is seen in the embryonic state, as I conceive 
it, of a planula endowed with great activity. Its motion 
ceases, the planula becomes more elongated, rather cylindtioal, 
and next a hydra with eight tentaoula is developed from one 
extremity. At first the pimue forming the pectinate part of 
the tentaoulum are few; stronger towards its extremity, and 
decreasing m size until becoming mere projections as they de- 
wend. The stomach is seen in the centre with four organs 
like caeca bolow. But I have not been able to recognise the 
central bone. 

Some indications of a circolating fluid, by the ascent and 
descent of minute dark particles, as if contuned in an invisi- 
ble vessel, reaching as high as each side of the stomach, merit 
further investigation. Microscopical illosions are ever ready 
to mislead observers. 

The planulse are very minute, not above a third of a line in 
length, at their utmost dimensions ; and the nascent p^matu- 
be, thon^ extending ooosiderably as they lay, never exceeded 
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two liiMB if ftttaining as mnch. They were alwayB of a fine tuu- 
form yellow ooloar, the body very flexible and of Tarittbk 
shape ; and . they invested tbemsdret with saoh mnddy par- 
tjoles as oame iu ocotaot with them. 



Remarkt on Glaciera. By M. Agassis.* 

In laying before you, gentlemen, a few details regarding 
glaciers, and the phenomena attending them, I design to con- 
fine myself exclneively to matter of fact. I shall submit to you 
the principal observations which have been made on this in- 
teresting subject ; to these I shall add a few othen which I 
believe to be new ; and finally, bring to your recollection some 
which have beefl known from the time of Sanssure, bat pro- 
bably forgotten, because he did not connect them with the 
phenomena of glaciers, on which they re^ly depend. 

A glacier is a mass of ice hanging on the sides of an Alpine 
ridge, or enclosed in one of its valleys, and which it moving 
eonlinwUls down the declivity. I say continually, for the gla- 
der is always descending ; if the extremity should at any time 
seem to retire, this implies nothing more than that the portion 
of the ice, melted by the heat of summer, is more considerable 
than that which the glacier brings along with it in its progress. 

This movement of the ice, which many refused for a long 
while to admit, is now known and acknowledged by every 
observer; but there is a great contrariety of opinion respecting 
the cause which produces it. The ojrinion generally received 
from the time of Saussure, is, that the descent of a glacier is 
nothing more than a slipping npon itself, occasioned by its own 
weight. But there are many reasons for doubting the accu- 
racy of this explanation. The motion appears ia be mnch 
more properly ascribed to the expansion of the ice resulting 
from the congelation of the water which has filtered into it 
and penetrated its cavities. The ice of glaciers, it mast be ob- 
served, has not the continuous texture of ordinaryice ; it is com- 
posed of a multitude of fragments, which have been improperly 

* Bend to a meeting of (he Oeological 8aciet]' of ^kanoe. 
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called crystala by Hi^ We may easily cooTiooe owsehraa^f 
this by tweaJung a portipn, or infaning a oolte)^ liquid wUdi 
penetrates into the fissures separating ihe fragments, aod 
allows OS to distingaiab theu* form and size. Jt is easy to per- 
ceive that tiieir oze diminishes in proportion as we ascend 
either from the bottom of the Racier towards the sor&oe, or 
from its lower to its upper part or ori^. Here tbey may be 
seen redaced to mere grannies, so that the ice, losing more 
and more its transparency and compactness, insensibly passes 
(nearly at a aniform elevation am<mg the Alps) into the state 
of a coarse snow which is known to the momituneers by ibe 
termjlm or haut nivi. A glacier is, therefore, a qongy mas, 
continually imbibing atmoqtheric waters, as well as those i»<o- 
dnced by the melting of its snr&ce, and which infiltrate into 
the c^illary &Bares which the ice preSMits tfaroog^iout its 
whole thickness, and particularly at the portion nearest ttie 
surface where it is lees compact.- The t^nperatore of tliis 
water being always near the freezing p<Hnt, it is converted 
into ice by the least sinking of the temperature, and tends to 
dilate the glacier in every du-ection. Bnt as it is resbniiiied 
«i two udes by the flanks of the valley, and above by Ae 
we^t of the superior masses, the whole act <^ dilatation, aided 
bendes by that of gravitation, tends to urge it down the de- 
divity to the imly side which offers a free passi^. This ex- 
planation being once admitted, it foBows that the more fre- 
quently the ahemationB of freesing and melting take place, or 
the variations of tike temperature are above and near zero, 
the more rt^tid will be the advance of tlie glacier sohjected to 
them. Thus it h^tpens that vrinter, irtien the entire mass is 
frozen in an equal manner, is the season ^en it is in a state 
of rest. 

The progress of the ghcier is not uniform throngboat the 
w^le tbickness of the mass ; but if we suppose it divided into 
beds parallel to its surfiKe, eadt c£ these beds or layers Vil] 
advance with greater rapidity in proportion as it is nearer the 
surface, or, in other words, as it is more exposed to the in- 
fluence of atmospheric changes. It wiU be perceived that this 
diffisroice in qiricknesa will become more obvious in the «K>^ 
bedsj Imokm Hasxe must be added t» ihe^dkneai^piM^w to 
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'eadi vf them, tlurt of all the beds ibferiM' to it ; so that if the 
'bed at the bottotn move with the qoVsknoeB of 1, the second 
wHh the qoiclmess of 2, the third of 3, and so on, the quick- 
ness of the third, tar example, wQI be 3 + 2 + 1 or 6. 

A glacier, when seen in a vertical section, often exhibits a 
series of beds of' variable thickness, sulfieiently distinct in tbe 
-upper part, less evident in the middle, and mmre or less obli- 
terated below, according as the mass, from being exposed to 
nnstare, has been more or. less completely converted into 
franq>BTent ice. These beds dtmini^ in thickness from the 
top downwards, no doubt by an effect of the tastement, and 
represent the additional beds which the glacier receives every 
year. (Upper glacier of the Grindelwald, Trient, &c.) 

In regard to external iotm, a glacier usually presents a more 
or less convex surface, particolarly at the lower extremity. 
This form results Irom the reflection of the heat from the sides 
of the valley, which accelerates the mdting of the ice at the 
e^es of the glacier. When the ground on which the glacier 
moves, ia but little inched and free from, inequalities, the 
surface continues regular, and the mass is not divided. But if 
tt has some obstacle to surmount in its progress, or if the ground 
present one of tluise sudden changes of level so frequent among 
the Alps, the mass splits transversely into irr^ular leaves, 
moving on their lower edge as around an axis, and separated 
by wide crevices, which close again when the ground becomes 
less Eteep, just as the waves of a torrent again become calm 
aAer a fall A glacier, in fact, is a river of ice stereotyped, 
with its cascades, rapids, storms, and calms ; the superiicilil 
mass moving more quickly, and the lateral portions being in- 
fluenced by the form of the bed in which it moves. 

The destructive action of abuospheric agents on the moun- 
ttun summits from which glaciers descend, and on the crests and 
declivities which border the valleys in which they move, the iaD 
of avalanches, and the motion of the ice itself, are continuidly 
detaching, along the whole basin of the glacier, fragments of 
rock of every size, which roll into the place which the glacier 
Ooeupies, and rest upon its sur&ee. These debris, thus depo- 
sited on and eamedalong with the glacier is its progress, ^ve 
rise teisevondremafkable phenomena. Tha largest ofitheee 
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fragments, by protecting the part of the ice which they oover 
from the action of the son's rays and iixaa rain, and also 
from evaporation (which is t^ten considerable, being occa* 
sioned by warm or dry winds), become, by the sinking of 
the rest of the sur&ce, gradually insulated on the snmmit 
of a large pedestal or pillar of ice. This support, suflbring 
in its turn from the action of the same agents, soMi gives 
way ; the block rolls down, and forms another pyramid at 
some distance- It is these that are called the tabUa det 
glaciert, of which fine examples are afiforded by the glaciers 
of the Aar. If the£e fragments do not exceed an inch in 
diameter, a phenomenon of a different description takes place. 
Absorbing the solar rays, by their pcoperty as opaque bodies, 
more n^idly than the ice, their entire mass (not the Buriace 
merely, as in lai^e blocks) becomes raised to a high tempe- 
rature. Instead, therefore, of protecting the ice beneath 
them, they cause it to melt, and form holes which often 
penetrate to a great depth; they even pierce the glader 
from one side to the other ; for as long as a constant cause of 
heat remiuns at the upper orifice, the water which fills them 
is warmed above zero, then descends by virtue of its maximum 
of density to the inferior beds, where it continues to perfo- 
rate the ice by slowly melting it When we add to these 
phenomena the small currents of water running in every di- 
rection, uniting into torrents, and throvring themselves in 
cascades into the larger crevices which open or dose by turns, 
we shall be enabled to form an idea of the perpetual move- 
ment going forward of the surface of a glacier. 

These blocks, scattered over the glacier, thus move al(mg 
with it, and at last reaching its edges, and being continually 
thrown ofi", they accumulate and form masses of debris more 
ox less considerable, which are named mormnet among the 
Alps. These moraines are either lateral, lUsposed along the 
glacior parallel to its sides ; or terminal, bounding its lower 
extremity, and usually describing a semicircle ; or finally, nw- 
<Ucm, forming long tracks on the surface of the interior of the 
glacier itself. These latter are occaaoned by a union of the 
two latwal moraines of two glaciers descending two di&rent 
gorges, and npiting in the some valley. The two- glaciers 
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never become blended, as might be supposed ; each preserves 
its own direction and rate of progress, the line of separation 
being the two lateral moraines, which touch each other in 
SDch a manner as to form only one. However, when the pro- 
gress of the two glaciers is very unequal, something like a 
divisi<m of the monune takes place, and we then see two or 
three parallel tracks, as in the glacier of the Aar. These 
median moraines produce the phenomena of tables del glaciers 
on a large scale. Being placed at first in the depression 
formed by the union of the two convex surfaces of the conti- 
guous glaciers, and protecting the ice which they cover from 
evaporation, they are soon elevated on a base of ice, usually 
in the shape of an ass's back, which, however, disappears 
where the moraine spreads out towards its extremity. (Gla- 
cier of the Aar.) 

Let us now Examine what is the action of the ice on the 
surface which it traverses. Here, also, we find fragments of 
rocks, which, by being pressed and ground, as if between the 
stones of a mill, are comminuted, or arrive, in the form of 
rounded pebbles, at the lower part, where they fca*m the base 
on which the extremity of the glacier, and also the twmiual 
moraine itself, usually rest. While moving along a rocky 
alterable sur&ce, -the ice, by modifying it, produces various 
phenomena, the prindpal of which are the following : 

It levels it by the friction, and polishes it sometimes as per- 
fectly as could be done by the marble-cutter, cutting the fossil 
bodies and concretions which it meets in its progress, and ex- 
ertnsing its action equaUy upon the bottom of the bed and its 
sides. 

It rounds oS* all the angles and inequalities of the ground, 
j^ing them a mammif(»m appearance, or transforming them 
into lavtnberances with rounded surfaces. (Granites of the 
Grimsel, lapiax of the Valais.) 

When the ground admits, it scoops out broad furrows, from 
an inch to a foot in diameter, the length of which is in the di-: 
rection of the movement of the ice, and of these the surfiice is 
equally polii^ed, and the an^es rubbed off. Here, also, might 
be mentioned spoon-shaped depreesioos, resemblrag the oam- 
mencement of a furrow which has not been contiBoed, o(h»- 
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posted by otrtaiii novemests ol ihe ioe, for i^oh it is dffi- 
«Blt to aoeount. They might be oaUed the cats q£ a chiad b 
tbe flat surface of the rode. 

Partides of the hardest sand, which are always found be- 
tween the ice and the rode, gooh as small crystals of qnarts, 
&G., produce 4lie same effect as so nuuiy diamonds, by form- 
ing lines on these polidied snr&ces, which are thus covered 
with a multitude of rectilinear strie parallel to each other. 
These striw have no dependence on the structure of the rook ; 
they do not follow its cleavage ; they are seen to cat in two 
the crystals they traverse ; they are always in lines of great 
inclination, and follow the direction which the fonu of the 
subjacent ground has given to the ice, whether in its regular 
progress or accidental deviations. They cannot be attributed 
therefore, as has been done by Deiuc, to rapid currents of 
water, nor to muddy currents filled with fragments of rocks, 
as some otiier observers are inclined to believe. The dibicte 
of the Dent du Midi, which presented a fine example of a cur- 
rent of this nature, has not left any trace of this kind in any 
part of its course. 

Finally, we perceive, on surfaces which the ice has left^ 
other furrows, not rectilinear but undulated, c^u nuining 
into each other, and generally following the line of the greatest 
declivity. These are called Carrenfelder in some parts of the 
Alps. These furrows are evidmtly owing to the erosiitn of 
waten circulating beneath the glace, and gradually scooping 
out a bed down the declivity. Other erosions are likewise 
observed, exactly resembling those produced by a cascade in 
the place where it &IIs, and which probably have no otlier 
origin. 

All these actions of the ice are somewhat moiled by the 
nature ctf the rock on which tliey are exercised. Granite be> 
comes rounded in lai^ masses, and broad convex suriaces of 
a pret^ uuif<»m desimption. The masses in limestone are 
smaller, and aoijnire the DU>st perfeot polish. It alone pre- 
sents beantiM soriaees, resembling those of a slab of marbk 
from the hands of the workman. Gaeiss and the schists 
are more furrowed, although often in a direction transvierae tt> 
their beds. j . - .. .< - 
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I rUheefl' {)h«iomeii«, at onoe Tell known tad ewUy oDsdrve^^ 
afford us the means of ascertaining the fbrmer emstencft tit 
glaciers at a remote period, in plaoeit wfaere they do not now 
oeour. When a glacier advances, it rolb before it all the Mocks 
aocomolated at its extremity, and wfaidi form aroond it a more 
<Hr lete semicircular mound- Bot many graders, on parting 
from the moruite which bwders tiheir extremity, present seve^ 
ral others, concentrio to the first and of a like stmctore ; of 
these, the most remote is necessarily the most ancient, and Uie 
intermediate ones mark so many epochs of the successiTe re- 
eedence of the j^acier. It is thus that Saossure formerly de- 
tooted monunes in the valley of Chamomii, although they were 
partly coTered by T^etation. From the extremity of the gla- 
cier des Bois OT of the Mer de Glace, we can, in fact, enume- 
rate seven concentric moraines, as &r as the village of Tines, 
which is bnilt on the last and lai^est, at the height of mtae 
than 200 feet. Ascending towards the Cot de Balme, ten or 
eleven others are distinguishable, although many causes are 
continually in operation toobliterate them. These collections 
of rolled stones undoubtedly indicate the ancient extent of the 
glaciers. We see, in the particular case alluded to, that the 
valley of Chamouni was occupied by an immense glacier, re- 
ceiving in its course those of Argenti^re and of Tour, and 
moving towards the Col de Balme, in order, probably, to de- 
boocbe in the Valais by the Col de la Tete-Noire. 

Polished and rounded surfiues, with Autowb and ebnse still 
remaining, psrticalarly on hard rocks, notwithstanding the de- 
structive influence of the atmosphere, serve even now as guides 
to the site of ancient glaciers, tn plaoes where they would never 
have been supposed to exist. Saussure, whose eye nothing 
escaped, had long since remarked- th^ on the extensive po- 
liced rock of St Bernard (see vol. ii. p. 451. 4to ed.), as well 
as in other places, but he foiled in divining the causes of 
these i^pearsnces. They are seen to exist beneath the ice, 
within the moraines ; they also iq>peff on t^e outside on the 
grooitd, and on the deolivities and sides of the valleys, ae- 
oompanied, oStea to a great bnght, with old lateral moraines. 
It is thus that we can follow the striw beneath the ice of the Aar 
almost without interruption as far as the Hospice de la Orm- 
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ael, around which bU the granite ia deeply striated. They 
libewiee appear throughoat the whole valley of Hasli, partica- 
larly on tile beantiftil rounded snrfaees of the Helle-Platte, be- 
low Handeck. M. Brann, an engineer, baa noticed them at 
LetBsingen, on the left bank of the lake of Thun ; M. A. Guyot, 
at Oberwatd, in the upper Valais. The whole of the lower 
Valais ib, in like manner, the bed of a glacier, of -which the 
lateral moraines may be distinguished at a pretty considerable 
height above the valley. I have taken care to indicate these 
on the map (that of Keller) as I have determined them from 
Martigny to Lausanne. Polished snrfaces, strie, and all the 
phenomena produced by the action of ice, appear more beau- 
tiful and distinct on the Jura range than in any othw place, 
accompanied likewise with Alpine blocks disposed in two zones, 
one above the other, the second rising to a point upwards of 
2000 feet above the level of the plain. The identity of these 
polished surges and striae with those observed amoogthe cal- 
careous rocks of the Alps — for example, below the glacis of 
Rosenlaui in the Bernese Obertand, — ^the distribution of rol- 
led blocks on the sides of this chain, and their relations to the 
Alpine moraines, leave no doubt as to the fimner existence of 
a layer of ice which covered all the great Swiss valley, and 
moved towards the north-east, in the direction of the declivity. 
This icy covering would be no doubt circumstanced somewhat 
differently from a glacier enclosed within a narrow Alpine val- 
ley, but the principal characters, notwithstanding, must have 
been the same. 

From the whole of these phenomena, and the circumstance 
of analogous strife having been observed in Sweden by M. 
Se&troem, I conclude, that at a certain epoch the whole of 
Europe was covered with ice : that this epoch marks the date 
of the disappearance of the lai^e mammifera which have been 
discovered among the ice of northern regions ; that it must 
have preceded the elevation of the Alps ; but that the rece- 
dence of the ice, the polished surfaces, the monunes, and the 
dispersion of the boulders to the very summits of high moun- 
tains, must all have been posterior to the elevation of the 
Alps to their present level. 
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Anatomieal Jtesearckes on the Structure o/t/ie Gaitrie and 
Intetlinal Mucout Membranes.* By M- Flodxzhs. 

" I have shewn, in a former memoir, that the muoous mem- 
brane of the lips, the month, and oesophaf^s, is composed of 
three diatinot membranes, — the dermis, the muoous body, and 
the epidermis. 

" Before me, none had studied the mucous body, except on 
the tongue : I have traced it on the lips, the cheeks, and in the 
cesophagns. Besides, it was supposed, according to Malpighi, 
that tiie mucous body of the tongue was arranged as a net- 
woric : bat I have shewn, on the contrary, that it forms a 
continuous membrane. t 

" With regard to the epidermis, it was early observed on the 
lips, in the bnceal cavity, and oesophagus ; and some anato- 
nusts even went &rther, and believed they recognised it in the 
stomach and the intestines. But the opinion of the existence 
of the epidermis in the stomach and intestines has never yet 
been generally admitted. 

** Thus, at the end of the 17th century, Glisson maintained 
that the epidermis was wanting in the intestines, and that its 
place was supplied by the lubricating mueus.| More than a 
hundred years after Glisson, Bichat denied anew, and in a 
manner almost as absolutely as Otisson, the existence of the 
epidermis of the stomach and intestines. " In the stomach,"* 
says he, *' and the intestines, the most delicate instrument can- 
not separate the epidermis : in the maceration and boiling of 
these parts, T have never seen the epidermis raised on their sur- 
face- I have extracted firom the belly of a dog a portion of intes- 
tine, and applied an epispastic to it, hut no blister arose. From 
these considerations," continues he, " it appears that the epi- 
dermis does not exist on these muoous membranes. At least, 
' it cannot be admitted before a new examination, which, I be- 
lieve, will prove rather against, than for, its exi8tence.^§ 

* Acad, dea SdencM, S7th Haj 183». Pp. S33, &c. 
t Vf^ei ComfUi rvndNf, MUi^ei 1837-38, 
X Oliason Dt ViMiaAo tt ImfMnit. 
I Bielwt, AtM. Ohw. I. iv. p. 471. 
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" Beelard is of the same opinimi oa Biohat. '■ This'^WM^ 
tion,' says he (of the existence of the e[Mdainis on the nnooM 
membnyieB of the stotnaoh and intestines), ' cannot be KBolved 
otherwise Uian it has been by Biehat, who,* adds he, ' inoUttea 
rather to the negative.' ♦ 

" Lastly, Meckel, who, like Beclard, appears to bare under- 
taken the task of sabjecting to a new exanunati<m almost ^1 
the great labours of Bichat, expresses himself on this question 
in terms still more decided than Biohat himself. ' E^pastics,' 
says he, ' during life, and maceration after death, are unable 
to demoiuitnite the existence of mi epidermis on the 71111108 
ooat of the stomach and intestines. It is Tory doubtful, theo, 
whether this epidermis exist, and whether, as Haller and % 
chat think, its existence be attested by the formatioa of mem- 
branes having the form of the channels whence they ceca^, 
since the formation of these membranes oan be very well ox- 
plained otherwise.' f 

" Thus tilisson, Biehat, Beclard, and Meckel, deny the ep.- 
dermis of the stomach snd intestines : but, on the other side, 
many anatomists, not less celebrated, admit it ; as Baysch, 
Lieberkuhn, Haller, tee. 

" Bnysoh admits it, and calls it epiti^iiaa. He is not sure, 
however, that he has really separated it from the viBovB coat 
of the intestines ; for he says, tAat one wet Uu tUlotitiet tf tkit 
coat witAout regumnff to take away tis qntieliam4 

'< Lieberkuhn is, I beliere, the first who has dearly Men 
the epidermis of the intestines, and perhaps the only ona of 
these old anatomists who has seen it w^I. He says that a 
membrane, similar to the epidermis, covers t^e viUositiee of tfie 
intestines ; and, what is still more precise, he,says, that Uns 
membrane is continnous with file epidermis of the stomach, the 
oesophagus, and month.§ ' n 

" Haller also admits the epidermis of the stomach and bf 
testines; but what takea much weight from his assertion isi 



• Beclaii, JVota mr Bidlat. 

t Meckel, XanMd d'Anat. L 1. p. 490. 

; KafDcb, noMtr. vii. No, 10. 

i UebeikBlui,Z>g;ii^.«liM^««I-iiilatf. 
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tiuUi h&Mems eretywheFe to eoofound the true epid«nai« with 
the tUIoui coat of these puiui.* 

- ^' Since HaUer, moDy able aaatoniistfl, partioolarlyM. Doe- 
liogBE, have seen the epidermis of the stomach and intestinea ; 
and M. Dodioger has made the following veiy just remark : — 
That the villositiea of the intestine are enveloped b; this 
'^idenms, as the fingers of the hand are by the fingers of a 
■gkiTe.+ ^ 

" Of an the anatomists whom I have jnst cited, Liebes^ 
knhn is the fitct who has fblfy reoo^iised the epidermis of the 
- ga«trio and intestinal muooos membranes. He is, farther, the 
first who, in order to detach this epidetmis frcau the villous 
ooat, has prooeeded in a regular manner : that ie, by a skilfully 
omidiKted maoeration. 

" It is also by the aid of a skilfully oondaoted maceration, 
and eondncted, too, with preoantions not observed by Lie- 
berlrohn, that I have succeeded in detaching the epidermis of 
the stomach and inteaiaiies ; and in detaching it, not by frag- 
ments and shreds, nor by a sort of good fortune and chance ; but 
. ky entire and continoous laminie, in a sure and steady manner. 

" I have the honour of placing before the Aoadany, two por- 
tionsoft^e small intestine, which present, in their whole extent, 
'(h« epidermis of the viUons ooat, everywhere distinct and de- 
tached &om this coat 

" This e^dennis f<»ms a fine, transparent, continuous mem- 
'brane. The estemal surface is rough, with small projections; 
.'the internal suriace presents a multitude of small depressions, 
r These cxtcimal piajeotions and intemsl depressions, owrk the 
pomt« of the ejMdenius which correspond to Hba papillte of the 
idennis, and which serve as sheaths to their papillte. 
' I " Ihii it is not on^ an e^demis, a proper and oontinaoas 
membrane, which is seen on the two pieeea now placed befme 
'tii9' Academy. You se» also, and parttoulatly on the piece 
-No. Ss'o true mooow body, intfirposed betw««n ttie papiUee of 
the dermis and the ^idennis, a little thicker than the epider- 
mis, and forming the first sheath of the papillie of the dermis, 
whose epidermis forms only the second. 



* HiOler, BUn. Fkyi. %. vii. p. i2. 
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" The lamina of the mnoooa body remmbleA ezactl; tbat of 
the epidennia : quite rough, like it, f/Hh ssiall projeetions on 
its external florfaoe, aod oovered all over wiUi miall depres- 
0.008 on its internal mirface. 

" It ifl necesBaiy, hoveyer, to add tJut, irtiile th« sheathfl of 
this mucotis body remMn attached to the pafnlln of the dermis, 
this body fonuB a true network ; but a faotitioiu network, a 
network which, like the famous tutteork of Malpiffhi, or of ^e 
mneoiu body of the tongue, only depends on the artificial ad- 
herence of the aheatlw of the maooua body to the papilbe t^ 
the dermis. 

" I have found this same structure of a mucous membrane 
composed of three superimposed membranes, the demus, the 
mncous body, and the epidermis, on the stomach ; and that 
notwithstanding the extreme fineness of the maooua monbrsne 
of this orgui. 

" I may say that the papilbe, and partienlariy the pi^ulbe 
of the small intestine, otherwise so remarkable, only appear in 
all their richness and admirable regulari^ when they are, as 
they are seen on the piece No. 1, which I present to tiie Aca- 
demy, stripped both of the mucous body and the epidennia, 
which, in their ordinary state, macdi and cover them. 

" I may say farther, ih&t it is only then that one is taUj 
assured of all the generality of this fact, already established in 
my preceding memoirs, viz, that the viUontiea or papilhe are 
every where productions of the dermis, that they belong erery 
where to this dermis, and that the mucous body and the epi- 
dermis only serve as sheaths or envelopes to them. 

" A second fact, not less important, and whioh acquires 
new force ft^m these new researches, is that the general cha- 
racter of mucous membranea, even those most deeply attusted, 
is to present a dermis covered wiUi a mucous body and lui epi- 
dermis, just as the general character of the ekin is to present 
a dermis covered with a double epidermis. 

" Finally, it is easy to see that an improved knowledge of 
the structure of the stomach and intestines, gives a new aid to 
the physioto^oal study of these organs. It has always beea 
repugnant to physicJogy, and that, notwithstanding the autho- 
rity of the very great observers Olisson, Biohat, Beclard, and 
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Meekel, to admit that thii internal BoHaoe, thia p^iUaiy mr* 

&oe of the vtonuch and intestineB, the «eat of the moat deli- 
oate and active fimotioiu of the eoonom^, and on whieh the 
mott imtating and energetic sobctanoe* act, it deprived of aQ 
other means of proteotion, exoept the ample maona, more 
or lesB abondaDt, by whidb it is lobrioated. 

" Now, as we have just seen, the internal and papillary mtr- 
fiM)e of the stomach and intectinea is not, in reality, a naked 
mrface. It a oorered by two oontinuons and superimposed 
membranee, i^ereby it oomes under the general law both of 
the skin and the mucous membrane*, already considered in my 
preceding memoirs, that is, being subjected, as the skin and 
these membranes to the inoewant action of external bodies, it 
is oovered, like them, by two superimposed and protecting la- 



Account of the Parotid Road$ of Olen Roy, in Ittvemeuhire.* 
Mr Darwin, in a memoir lately read before the Geological 
Society of London, on the Parailei Boadt of Glen Boy, gives a 
rather novel view of their mode of formation. To some of 
our readers, it may be necessary to state what and where these 
Roads are. The deep naturU cavity along which the Caledo- 
nian Canal passes, is called the (xreat Glen of Scotland. 
Several glens open into it, and among these is the glen throu^ 
which the river Spean flows, ten miles northward of ¥(at 
William. Glen Roy is a lateral branch of Glen Speao, about 
eleven miles iMig, one mile broad, and prettj steep in the 
sides. The Spean falls into the river Lochy near Loch Lochy, 
■ad the Roy falls into the Spean five miles eastward. On 
both sides of Glen Roy, there are three ttarrotr terraces of 
gravel and clay, called " the Parallel Roads." They project 
a few feet or yards from the sloping side of the mountain, 
forming three slightly marked lines along the valley from end 
to end, and exactly parallel to each other. At some parts 

* ThU notice of the Parallel Hoftda of Glen Roj', which we have slightlj 
altered, ii tftken from a p^er on the rabject, Utelj pnUished in a widalf 
oiiODlat«d periodioal, tiie SeotaroMi, bya gaiiti«in»n well known ta th« geo- 
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Aej are uvliidy obliterated ; for htstasoe, when Acy cnK 
bare rook, wbere loose matter worid not rest, and Trttem tfe 
soifaee of the hill is gently inclined, because tbeir slope then 
coincides with that of the alluvial covw. Very often Hiev 
appearance ia so faint, that a spectator may find himself 
standing on one without being aware of its existence ; bnt at 
otlier parts they Bwetl oat into [wetty broad terraces ; and 
what seemed obecnre to a spectator in joxtapodtion with it, 
bectHnes mere distinct when seoi firom 
the opposite side of the ralley, whN« dw 
eye takes in the line for a length of some 
miles, and the obscore parts and Ute well 
marked parts are seen in connexion. Each 
of these tdielTes or terraces has been 
found by leyelling to be perfectiy horjiirm- 
tal, both lengthwise and on the opposite 
sides of the valley. In the annexed figure, 
*^let A A represent a portion of Ae surface 
of the hill, consisting of rock, vrith a 
layer of clay and gravel resting upon it, 
as indicated by the uneven line. The 
Parallel Roads consist of diicker portions of this alluvial cover, . 
projecting slightly like a shelf or terrace. 

The Jlrtt or lowest terrace a, is 972 feet above the level of 
the sea. The second, b, is 212 feet higher, or 1184 feet above 
the sea. The third, e, is 182 feet hi^er than the second, or 
1266 feet above the sea. 

The shelves slope inward to the centre of the valley, (to tlie 
line C, B, A). 

In the adjoining valley of Glen Gloy, separated by an 
isthmus of high ground half r mile broad, ^ere is a terrace 
twelve feet higher than c, or 1278 feet above the sea, but 
none lower. There is a remnant of a similar terrace at Kil- 
finnin, four miles northward, which is forty feet higher than 
c, or 1306 feet above the sea. The three terraces of Glen 
Roy follow the line of the valley down to its junction with 
Glen Spean, passing into all its sinuosities and recesses. 
Here two of them di8{4>pear ; but the lowest continaes its 
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coarsA )^ to tb« head of Glen Spew, and down Muljr to iti 
laoutli, over a space of twanty miles, always preecrring the 
sane leveL Lastiy, portioiis c^ temoes hare beea discovered 
on the sidee of the valley of the Spey, many miles eastwaid 
of tbote we have been describing, and at a conapnted elevor 
tion of 800 feet above the sea. 

The Memoirs of Sir Thomas Dick Lander and Dr MacCul- 
loch,* written nearly at the same time, prove that the terraces 
wNe fumed by water. In lochs whioh have pretty steep banks, 
covered with matwiaU somewhat loose, rains and storme hurry 
down earth and stones, which have their motion checked when 
they reach the water, and there form a projecting ledge or 
shelf, which is nearly on a level with its surface dose to the 
shore, but slopes downwards as it advascas, till it is some feet 
or yards below the water at its outer margin. Sir Thomas 
Dick Lauder observed shelves of this description under the 
water in Loch Locby, Loch Oicb, Loch Ness, and also in Linnhe 
I^cb, which is an arm of the sea, and he infeired, that if by 
any accident one of these lochs were drained, the shelf round 
its margin would exactly represent one of the parallel roads of 
Glen Roy. The inference was established, and the principle 
beautifully illustrated, by a parallel case. At Subiaco in the 
Apennines, forty miles from Rome, there is a small valley, 
with a. t«rrace of gravel and clay round its sides, umilar to 
those of Glen Roy. The stream Bowing through it escapes by 
a fissure In the rock at its lower' end ; but the Roman writei;8 
tell us that it was anciently a lake, and the fact is proved by 
the remains of baths yet standing, and precisely at the level 
of the twrace. Whether the fissure in the barrier, which is 
twelve or fifteen feet wide, wae opened by an earthquake, or 
cut by the water, is not known. 

Sir Thomas supposes that Glen Roy, Glen Gloy, and Glen 
Spean, formed distinct lochs, each being closed in by a barrier 
at its lower end. The barrier at the foot of Glen Roy had 
kept the vrater for a long period at the level of the dotted 
line c C, tiU the alluvium collected and formed the shelf e. 

^ Tnuuactiona of BojtbI Societyof £diitbm{h,vol.iK., and of Geological 
Society of London, vol. iv. first series. 

VOt. XXVII. so. LIV.— OCTOBER 1839. " ^ ^ 
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The burier was then partially removed ot breached, tad 
the waters subsided to the level b B, where they ood- 
tinued sUtioiiary till a new depocdt of alluvium ooUeoted 
St the margin of the loch, and formed the shelf b. The 
barrier was again lowered or breached ; the waters subsid- 
ed to the level a A, where they remained stationaiy till 
the shelf a was formed. When this took place, the val- 
leys of the Roy and the Spean formed one loch ; iae the 
shelf a passes from the Boy into the Spean on the sam* 
level, and extends along both sides of the latter for a space of 
20 miles. On the other hand, no trace of the higher shelves 
b and c are found in the valley of the Spean. Sir Thomas 
therefore supposes, that when this lowest shelf a was formed, 
the two lochs were united, and shut in by a common barrio, 
which was below tiie junction of the valleys, about High- 
bridge, near the Great Glen. This barrier in its turn gave 
way, and the waters subsided gradually to their present level, 
leaving both valleys dry, and merely traversed by rivulets. 

Glen Gloy in the same way formed a separate loch, shut in 
by a barrier near Loch Lodiy, which held up the waters 12 
feet above the greatest height of those in the Roy, till the 
shelf existing there was formed ; after which the barrier open- 
ed, and the waters sabsided till the valley became dry, vrith- 
out forming any other shelves. 

Dr MacCulloch's theory is similar to the above, but he as- 
sumes the existence of one or two barriers only, instead oS 
three. 

The insuperable objection to both theories is, that no traoe 
of the barriers is vidble. They must have consisted either of 
walla of solid rock, or mounds of clay and gravel, stretching 
across a valley one, two, or three miles wide ; and irtiether 
we suppose that they were burst through at once from top to 
bottom, or worn down by succesuve stages, it is uttwly inooD- 
ceivable that every trace of such walls or nHmnds could have 
disappeared. If the nature of the process left this doubtful, 
the analogous cases of the lake of Subiaoo, and of the Swiss 
lakes which have burst their barriers, would prove the fact 
Neither can we assume that a transient deluge had swept 
away the remnants of the barriers ; for a delnge sufficient to 
aotxni^lish tiiis would have obliterated every trace of the 
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shelvfls. We see, besides, how the problem is complicated by 
the additional facts successiTeiy brought to light Had tlw 
'terraces been found only in Glen Roy, one barrier would have 
sufficed for the theory, and its existence, though no vestige of 
it remains, might have been admitted. But the terraces were 
foond in Glen Spean, and another barrier must be imagined 
there against all probability. They were found again in Glen 
Gloy, difi^ring in level from those of the Roy, and thus a 
third imaginary barrier is rendered ueeeesai^. But the diffi- 
culties are not yet at an end. Mr Darwin finds terraces at 
Kilfinnin ; of coarse a fourth barrisr mast be assumed here ; 
and terraces having been found in the valley of the Spey, a 
fifth is equally required. Now, it is extremely improbable 
that even one of these batriers should have disi^peared, and 
left no wreck behind ; but that all the five should have va- 
nished, and not a vestige of any one of them remain, is utterly 
inconceivable. 

Mr Darwin attributes the formation of the terraeet to the tea, 
which at an early epoch filled these valleys, as it now fills the 
cavities forming Loch Eil, Loch Etive, Loch Long, Sue. He 
thinks that the npheaval of the land, followed, of course, by 
the retreat of the waters, took place slowly and gradually, as 
in Sweden at this day, not constantly and equably, however, 
but with intermUfiona of rest, during which the terrace* were 
formed — that, in fact, these terraces belong to the earlier 
stages of that great series of movements by which the main- 
land of Scotland was raised above the water, and of which the 
last stage is so distinctly marked by the rise of thirty feet in 
the bed of the Forth. 

As geologists have long been aware that the highest moun- 
tains have at one lime been covered by the sea, this exphuub- 
tioo must have occurred to others, who were perhaps led to 
abandon it by two apparently formidable objections, — first, 
the entire absence of marine remains from all the terraces ; 
secondly, their local character, their want of continuity, and 
their non-existence in hundreds of other localities, where they 
should have been found, on the supposition that the cause 
which produced them was of so general and comprehensive 
a character. It would be too much to say that Mr Darwin 
has rco&oved ev^y diffiool^ which attends his hypothesis, but 
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w» think that hia answer to the objedvais is vftm the whole 

Mtu&ct(Hry. 

The absencd of marine remains is accoonted for b; the ten- 
dency of such unjnml substsiiceB to decay. On the coast 0/ 
Fwfitrshirfl Mr Lyell found sea sheUs in gravel beds extend- 
ing to the height of tihy or sixty feet, but in amihir deposits 
of gravel, at greater altitudes, he found noae, donbUess be- 
cause the higher beds being first out of the water, and longest 
exposed, the organic remains in fhem had been decomposed. 
In Norway, near Christiana, there are stratified deposits of 
clay and sand ascending to the height of 600 feet above the 
sea ; but shells ore only found in those patches which are un- 
der 200 feet, and they are rare, and gen^nUy mudi decom- 
posed, in those whose height exceeds SO feet 

Mr Darwin, after citing these and other nmilar facta, addt^ 
" In the extensive and superficial beds of elevated shells on 
the coast of Pern, where rain does not fall, and where conse- 
quently loose matter is not washed from the suriace, I have 
traced, as I have ascended from the beach, a most perfect gra- 
dation in the decay of the shells, until a mere layer of calca- 
reous powder without a vestige of structure alone remained." 

Sweden is ri^ng frcon the sea at the rate of three feet in a 
century. If we suj^ose the elevation of the soil of Scotland 
to have taken place at the same rate, the 900 feet of diff«^ 
ence of level, between the FcHfarshire beds which contain 
shells^ and the lowest terrace in Glen Roy which contains 
none, will cwre^MXod to a period of 30,000 years ; and from 
the facts jnst cited, we may safely infer, that a much shcnier 
exposure would suffice to obliterate every trace of organic re- 
muns from the terraces, supposing that they originally existed 
there. 

As to the sectmd objection, the non-continuity or entire ab- 
sence of the shelves, Mr Darwin's argument involves many 
details, and we can do little more than allude to it. Re 
shews that a combination of circumstances, perhaps rarely oc* 
curring, was necessary to produce them. Among these are, 
a considerable inclination of the surface, the absence of bare 
rock, the existence of moveable debris above, the non-exist- 
ence of strong currents. Add to this, that rains sud storms 
most have had a considerable effect in obliterating the 
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shelves ; and that they mast escape jnotice in many CftSM where 
they do exist, from the faintness of their appearance, and be- 
cause they were not loolied for. When Mr Darwin's speca- 
latlous become known, we hare no donbt that remtdnB (rf 
terraces will be found in a hundred places where their ex- 
istence has never been suspected. He accounts for the ntffi- 
appearance in Glen Spean of the two upper toraces of Glen 
Roy, by observing, that when the water stood at the level of 
these terraces, Glen Spean would communicate with Glen 
Spey, and being then a channel connecting opposite seas 
would be traversed by strong currents. He shews that a 
slight variation of circumstances makes any of the three 
terraces in Glen Roy disappear (or a considerable space ; that 
an intermediate terrace between the second and third once 
existed, of which only a small remnant is discoverable ; that 
on the stqiposition of the waters receding slowly, an indefinite 
succession of little terraces would be formed, which would 
blend with the alluvial cover, and be undistinguisbable from 
it, except at some parts where conditions very &vonrable to 
the generation of terraces existed ; that the existence of a 
terrace in Glen Gloy twelve feet above the highest in Glen 
Roy, may be explained either in this way, or by tiie different 
height of the Udes, as in the Strait of Magellan, where the 
tide rises twenty feet at one part, and forty at another some 
miles farther on. The sum of his argument is expressed in 
the general remark, that the obliteration of the terraces may 
be regarded as the natural and usual result — ^their preser- 
vation as an exceptioD, arising from peculiar and favourable 
circumstances. 

Erratic blocks belonging to distinct localities are found 
both imbedded in, and resting on, the terraces- He supposes 
that masses of floating ice caught up these stones, and having 
stranded on the terraces, dropt them there. He found some 
at an elevation of 1000 feet above the upper terrace in Glen 
Roy, shewing that the water had once stood at that height. 
His remarks on the water-worn istlunnses connecting the val- 
leys of the Roy, the Spey, and the Gloy, on the buttresses of 
gravel at &e tributary streamlets, and on the deep alluvium 
in the bottom of these valleys, we have not rocnn to speak of. 
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Mr Darwin's memoir connects together, and fomisbes a 
^ey to a vast nmnber of phenomena. In looking back to onr 
own notes, taken on a visit to Glen Tilt, in 1828, we find va- 
rious facts which the principle he has evolved may serve to 
explain. We find, for instance, terraces of gravel mailed as 
existing at the following localities : 1. In the open country 
between Perth and Dunkeld, forty or fifty feet above tie 
waters of the Tay ; 2. At Logierait, a large table-shaped ter- 
race, sixty or seventy feet above the flat land bordering tite 
river, and probably 300 feet above the sea ; S. At Anld Cln- 
nie, above KiUiecrankie, terraces at various heights — from 
160 to 400 feet above the river, and probably from 400 to 700 
above the sea ; 4. In Glen Tilt, near Glen Criny, remnants of 
terraces ascending to the height of 100 to 150 feet above tiic 
stream, and 750 or 800 above the sea. On the top of these 
last, and on the south side of the stream, we found boulders 
of granite of one or two tons weight, belonging either to the 
rock on the opposite side of the deep ravine, ot to some more 
distant locality. These alluvial terraces have generally deep 
cuts or guiUes in them, displaying their structure and mate- 
rials. Even the lowest ones, such as those between Perth and 
Dunkeld, can only be well accounted for by assnnusg, that 
the Tay formerly fell into a sea which stood forty or fifty feet 
higher than that which now receives its waters. 

' The perfect horizontality of the terraces of Glen Tilt and 
Glen Spean, prove that the levels were not senrably disturb- 
ed over 8 space of twenty miles square, by the upheaving 
movement. Judging from the case of Sweden, we may even 
suppose that the rise was simultaneous, and nearly equable 
over all Scotland. We may hence infer, that when the up- 
per teiraoe of Glen Roy was formed, Scotland consisted of 
an archipelago of islands, with one broad firth in the middle, 
and numerous narrow straits, canals, and inlets traversing its 
southern and nortliem divisions.* 

* NotTithsttuidiDg the strong caae Mr Darwin and Mb geologioal tami 
bave made in mppoit of tbeir spccnlation, we are not dUpoaed to go almig 
with them, bat rather to consider the Glen Roy and other rimilar temoM, 
M formed by the emptying of salt or fresh wat«r lakes. Th« rigeotiimi la 
the lake hypotheslB, offered by some geologista, are not valid, ovii^ to 
the subject Iwng viewed by them on the small scale. — Edit. 
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Proceedinga of the Society for the Encouragement of the Vaefvl 

Art» for Scotland, Settion 1838-9. (Continued from Vol. 

XXV. p. 413.) 

The Society for the Encouragement of the Veehi Arts held 
the first meeting of its eighteenth Sesuon in the Royal luBti- 
tation, on Wednesday, 14th Norember 1838, Sir John Graham 
Dalyell, President of the Society, in the chair. 

Sir John, on taking the chair, addressed the meeting to the 
following effect : — The Society had now assembled after a 
short recess. The multiplied business of the preceding session 
left little interval for leisure. A greater number of valuable 
papers had been read, a greater number of machines, models, 
and drawings, of expedients and improvements in the arts 
presented, than in any previous year ; fifty-four new members 
also enlarged the roll. The views of the Society being directed 
exclusively to the public benefit, no one was denied its pa- 
tronage. It was impossible to define the importance of the 
useful arts. That might be the subject of a long discourse. 
But as from these almost every human comfort and conveni- 
ence were derived, it could be estimated only by anticipating 
the condition of mankind if deprived of them ; for an imme- 
diate relapse to the savage state would follow. Bereft of the 
arts, man is a wanderer, naked and defenceless, seeking a pre- 
carious subsistence, inhabiting the woods or caverns in the 
earth, ignorant of divine and moral precept. Possessed of the 
arts, we revel in luxuries, dwell in palace«, roll in elegant car- 
riages, clothe ourselves in silks and satins ; and, above all, we 
ascend to the regions of science through the subservience of 
the arts. The vast importance of patronizing the useful arts 
was hence self-evident ; it needed no demonstration. But how- 
ever zealous in its duty, the Society itself required the public 
countenance, for the common cause could not be rendered suf- 
ficiently effectual by its labours and resources alone, though 
the grateful recompense of approbation was a powerful sti- 
mulus to renovated exertions. 

The following communications were then lud before the 
. Society : — 

1. On Oeodetical Borreying and Tripmometriotl Levelling. By the 
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Rer. William Oalbiutli, M. k^ Teuhei of M«ai«n»tiwL (686.) Thnb 
voted. To be printed in the TmuMtlons. 

2. Letter fcom Dr Jnmes Hunter, H' S. A., with Bpecumeos of writing 
paper, fhtm whicli all tiacea of writing executed with Dr TibOI'b " In- 
delible Ink" have been e&eed by water, applied with a camel-bur penal, 
although that ink is known to reslat the moat poweifal chemical agenta ; 
also. Letter from Dr TimII on tbat aubjeot, with written speoiiiicBB and a 
bottleof hia ink, shewing an opposite rendt. (S80.) Befbrred to a Com- 
mittee to experiment with this ink, and diJI^ient qoalitiet of writing 
paper, and to report. In the coone of the diacaasion on this intervsting 
aubjeot, sereral members brought undu the notice of tbe Society the toj 
different chemical qualities of different sorts of paper, into the eompoM- 
tion of which many kinds of foreign ingredients, extremely prigaditMal to 
the paper as well a* the ink, were too often improperiy introduced, audi 
as acids, alkalis, earths, &c ; and that this, bs well as a diSneace in the 
qualities of the inks used, might account for tbe different results obtained 
by those whose commnn icatJoM had been read thif evening. 

3. On a Method of obviating the consequence of the Bxpannon and 
Contraction of the Rails of Railways ; with a Drawing. By Mr D. Hope, 
34 Bucdeuch Place. (684.J Referred to a Committee. 

4. Donation. — Report of the Directors of the Uanchestcr Mechanics' 
Institution, 1838. (&77.) Thanks Toted. 

h. Donation. — The Economy of a Coal-field. An Exposition of the 
objects of the Geological and Polytechnic Society of the West Riding of 
Yorkshire, and of the beet means of attaining them. By Jamea P. W. 
Johnston, M. A., F. R. 68. L. and E., Assoc Soc. Arts. Printed at 
Duriiam 1838, at the request of that Bociety. From the Author. (CSS.) 
Thanks voted. 

6. Donation. — Astronomical Obeerrations made at the Royal Observa- 
tory, Edinburgh. By Thomas Uenderaon, F. B. 8. E. and R. A. 8., Pio- 
fessor of Astronomy in the University of Edinburgh, and her Hsjcs^s 
Astronomer for ScoUand. VoL I. From October 1834 to December 1831. 
Published by order tA Oovemmenl. Edinborgh, 1838. From the Author. 
(878.) Thanks voted. 

The following gentlemen were admitted Ordinary Mem- 
bere, viz. — 

Mr George Wilson, of Summerlee Ironworks, West Thorn, near Glas- 
gow ; John S. Patrick, Esq. of Tiearae ; Dr H. W. Naohot, Edinburgh ; 
and Mr Alexander Aitken, irotfnonger, ISdinbuqifa. 

llie Society appointed the following Conuuittee of Twelve 
Ordinary Members, to award the Prizes for Session 18S7-S, 
viz. — 

Sir John Graham Daiyell, kt. President ; John Dnnn, O. L. Finby, Dr 
Fyfie, mchard Hunter, Robert Uaxton, Walter NiohoU, James S^gU. 
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WiDdDKm Steele, Dand SteTenson, Bichard WliTtook ; Dt Darid Mai>- 
lagan, CMiMner the Secratuj la <0elo. 

The Society elected their Office-Bearers ibr See^oD 1838- 
39, viz. 

S» JoB» OuuM DuTBU. Kt. p. a. S., PreMeiU. 

Akdisw Fin, M. D., F. B. S. E. -i 

JoH«8ooTTBDSSiiL,M.A.,F.E.aB./ """'^W'*""- 

Juaa Tod, W. S., 21 Dublin Street, Seeretarf. 

Uoiwo PoHTOM, F. B. & E., 30 MelTilIe Btieet, Forgign Sterttary. 

JoBM Scott MoNOBnrr, Aeoountant, 63 Queen Street, TVMftircr, 

JoflN Ddhm, 63 HsnoTer Street, Curator qfJUuMum. 

Ordhutry CovnaUori. 
June MiLNB. Alsxander Black. 

RtoaiBD Whttcck. Dr Maclaoan. 

Jaiui &iaHT. Sir John Rosibon, E, H, 

BoBCKT Bald. Bicrabb Hdrter. 

Profeasor Forbbs. Gilb. L. Pihlav. 

Bev. Wh. Galbuito. Joan Bill junior. 

28jA JV<>v.— -Richard Hunter, Esq. in the Chair. The fol- 
lowing communications were lud before the Society — ■ 

1. AdditionBl verbal notice on the Properties of eertun Forms of 
Buildings, intended for & public audience. By John Scott Rtusell, M. A., 
F. B. S. E., and Vice-Praident Booie^ of Artf. (587.)— Thanks voted. 

3. Notice of BD Erroneous Method of using the Theodolite, vith a 
strict inTeatigation of the eSeots of different arnmgements of readers. By 
Mt Edward Sang, F. R. 8. E., civil-engineer and machine-onaker, Edin- 
bnigb. (502.) — Thanks voted, and the paper to be printed. 

.3. Bead and approved the Report of the Committee on the commnni- 
oaUons of lastSMsioB r^jWdingtbe Fe«diogaf Steam-ei^ineB^etB vith 
Water, viz.— 

1. Mr Comin'a. (474.) 

2. Mr Carrick's. (506.) 

3. Mr Mule's. (509.) 

4. Mr Combe's. (520.) 
0. Mr Rose's. (587.) 

6. Mr Bussell'i. (M3.) 

7. Mr Gall's. (548.) 

8. Mr Bald's. {MSi.) 

a. Mr WhiteUw's. (553.) 

4. Read and approved tbe Rqrort of the Committee on Mr Frondfoot's 
Uachino for sharpeniDg and Betting tlie Teeth of Saws, iMd last eesaon. 
(641.) 



iiizedbv Google 



406 FreeeediMgt i^tke Society ^ ArU. 

K. Dr D. fi. R^d npoited pMgresa u to the ptoceedingfl tA Ut* C m - 
mitUe for promoting an Bxhibition of interestiiig natnnJ and utificial 
ob}ecti, modeb of maclimei^, &o. ; and it wu niggealed thftt key as 
Conveoer, should apply to the Highland Societj, and to Profeesot Low, 
for their counteoance and support to the object in view, by allowing aone 
of their models of machineij and implements to form part of the coUac- 
tion on that oocaaion, which is expected to be a laige and i 



The following Candidatea were admitted as Ordinary Mem- 
bers, viz. — 

James Mackentie, Esq. W, S, 10 AinsUe Place ; John Bnm Murdoch, 
E!eq. of Oartineaber, advocate ; Hr Thomas JamesoD, 47 London Street ; 
Mr John White, teacher, 3 North 8t David Street ; Hr George Waucfaope, 
merchant, 21 South Bridge Street ; Henry Orsbam, E«q. mugeon, 11 
Shandwick Place. 

12M Dec. — Sir John Graham Dalyell, Kt. Preeidflnt, in the 
Chair. The following Communicaticms were laid befcff^ the 
Society : — 

1. Notice of an improved method of combustion, sucoessfnlly prac- 
tised in Ei^l&nd, wheieby a considciable saving is effected, and the 
smoke entirely consomed. By John Scott Rnssell, M.A., F. B.S.E., 
V. P, Soo. Arts. (TOO.) — Thanks voted. Thi< notice excuted great int»- 
reat; — Mr Bnasell stated that he bad seen this method in opeiKtion, 
and horn inspection of the books for a course of yean, he hkd satisfied 
himself that the ditfud/ Mving of fliel was to the extent of 18 per cent 
bendes burning the smoke. 

2. Notice of an indeh'ble ink, invented by P. D. Veitch, M.D., No. 8 
Hart Street, Edinbu^h. Communicatedby James Hunter, H.D., H.B.A. 
A bottle of the ink, and some speoimens of writing execnted with it, were 
exhibited. (S99.) Referred to a Committee. An interesting convert 
sation then took place with regard to indelible inks in general, and writ- 
bg papers of different composition, in which Dr Hunter, Dr D. B. Beid, 
Dr Maclagan, Mr Ponton, and others took part. Di Hunter stated some 
olfaer methods of preventing the effacing of writing which had occurred 
to him ', and of wfaich he promised to g^ve a written notice on a htuie 



3. On an attiScial method of augmenting the Tone of the TioUn. By 
Mr John St Clair, Teacher of Music, 79 South Bridge Street, Edinbntgh. 
The instrument was exhibited. (588.) Eefbrred to a Committee. 

4. Donation. — Sketch of the Civil Engineering of North America; 
comprinng Bemarks on the Harbours, River and Lake Navigation, Light- 
houses, Steam Navigation, Wat«r-wo^, Canals, Roads, RMllnqv, 
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«*, mod otlin worka in th«t oountry. B7 DaTid Btereiwcm, Cinl 
er, M.S.A. 1838. From the Author. (694) Thanki voted. 
A. Donation.^ — Account of the Invention of the Pantognpb, and a D»- 
' Boription of the Eidognph, a copying instrument bvented bj William 
Wallace, A. M., F. R. S. B., &c., Proferaoi of Mathematics in the Univet^ 
nt7 of Edinburgh. From the TranMctions of the Royal Sodetj' of Edia- 
bnigfa, VoL XIII. Prom the Aalbor. (fiM.) Thanks voted. 

Hi F. E. Seeligmaon, Punch-cutter, Edbbu^, wa« admitted an Or- 
dinarj Member. 

26/A December. — Annual General Meeting, for the purpoee 
of awarding PremiumB. Sir John Graham Dalyell, President, 
is the chair. The following communications were laid before 
the Society : — 

1. The Report of the Prize Committee, awarding the Prizes for Session 
ISST-S was read; and the Pm«s were delivered hy the President to the 
■uooenfol Candidates. 

1. To Mr Edwabh Sano, F.R.S.E.,— Civil En^neerand Machine 

Maker, Edinburgh, for a Notice of a Dioptnc Light erected at 
Kirkaldy; with a Description and Drawings of the Apparatus 
used by him for cutting the Annular Lens to the true optical 
figure; — read, and the apparatus exhibited, 25th April 1838: — 
printed in the Society's TraiiMctions, 1838. (552.) 

The Kkith Medal, value Twenty Sovereigns. 

2. To Mr Jambs Whitelaw, 18 Russell Street, Glasgow, for a 

Description, with Drawings, of a Grinding Machine, which is 
used instead of a Tuming>lathe for giving a truly cylindrical 
form to the rims of Pulleys and Drums ; and more particdarly 
for a Drawing and Description of a Machine invented by him 
for grinding Pulleys round on the rim; — read and exhibited Hth 
February 1836;— -and printed in the Society's Transactions, 
1838. (512.) 

The Society* Silver Medal, value Ten Sovereigns. 

3. To John Alston, Em. Hon. M. S. A. Honorary Treasurer to 

the Glasgow Asylum for the Blind, for Specimens of a series 
of Fables, with Woodcut Illustrations, then in progress of being 
printed by him for the use of the Blind at Glasgow; — exhibited 
30th May 1838, (568.):— Also for his Musical Catechism, with 
Tunes for the use of the Blind, printed in riused Characters at 
the Glan^w Blind Asylum ;— exhibited 16th May 1838, (559.); 
— and, generally, for bis zealous, energetic, and benevolent ever- 
lions for tlie education of the Blind. 

The Societt/t Silver Medal, or a piece of Plate, value Ten 
Sovereignt. 

4. To Mr Gboeob Wilson, 77 Broughton Street, Edinburgh, for his 

Model sent in cooipetition for the Prize offered for " a conve- 
nient and timple method of increasing or diminishing the chs- 
tance of the Floats from the centre of the comoMui Paddle- 
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wheels, during the motion of the Vesiel, w u to a3^ diem ta 
change in tlie load and draft of waterr exhibited 30th Maj 
1S38^624.) Altlioiigh the Society do not h(^ any of the 
competing Papera on this subject aa altogether attaining the ab- 
ject propoaed in offering the Prize, or that they would be justi- 
fied in recommending any of the proposed Plana to be adopted 
in practice ; yet the Committee nave awarded a Prize to Hr 
Wilgon for his ingenious Model, and as a reward for the mecha- 
nical contrivance it displays. 

The Soeitty'i Silver Medai, ooAm Fwe Sovereig»e. 

5. To Mr John T. Rose, 1 Prince Regent Street, North Ldtb, tar 

the ingenuity displayed in his communication on the same sub- 
ject;— ^'ead 30th May 1838; and to encourage him to persevere 
in mechanical pursuits. (538.) 

The Socielj^i Honorary Silver Medal- 

6. To Mr Robert Mddie, hite of 14 Fountainbridge, Edinburgh, 

now in Australia, for the ingenuity and attention to the sutject 
displayed by him in his Drawing and Description sent in com- 
petition for the Prize offered for " a. convenient mode of filling 
the Boilers of Steam- Vessels with water, while the Vessel is at 
rest, so as to remove a frequent cause of enploaion ;" — read and 
exhibited 11th April 1838. (509-) 

The Soeie^t Honorary SUeer Medal 

7. To Mr John T. Rose, 1 Prince Regent Street, North Leith, fiir 

the ingenuity displayed by him in a communication on the same 
subject, of which the Drawing and Description were read and ex- 
hibited llth April 1 83a (537.) 
The Societal Honorary SUver MedaL 

iV.& With regard to these two Plans, the Report of tbe 
Committee to whom they were remitted statea, " Mr Mtr- 
die's appears fully the better, but both are so complicated, 
that your Committee cannot recommend them for adop- 
tion ; at the same time, they think that the ingenuity and 
attention to the subject displayed by these gentlemen (both 
young men) is deserving of the bvourable conaderalion of 
the Society." 

8. To William Alexandeb, Esq. W.S., M. S.Aq Edinburgh, 
for his ingenioAs Model and Description of his Electro- Magnetic 
Telegraph ;— read and exhil»ted 15th November 1837- (489). 

The Society* Honorary Siher MedaL 

The Committee have awarded an Honorary Medal to Hr 
Alexander for the ingenuity di^layed in the constructimi 
of the Working Model of the Taegrapii exhibited by hin 
and forbeing the first person who, in Scotland, brou^K ibr- 
ward the si^ect in a tangible form. 
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9. To MoNoo PoKTOK, E«q. F.R.S.E^ laie V.P.S.A.,— for the 
ingenuity displayed by htm in the Model and Descriptiaii of his 
Improved Electric Tel^raph ) — read and exhibited lOth Janu- 
ary and 20th June 183B, when Mr Ponton presented hiaelqpuit 
Uodel to the Society, to be placed in their Miueum. (492.) 
The Soeiet^M Honorarp Silver MtdaL 

10. To John Scott Rdsbbli, M.A., F.R.S.E., and V.P.S.A., 
tot Drawings and Description of the beet Method of Constructing 
the Interior of Buildings intended for the accommodation of 
Auditors and Spectatorst and its s^lication to Lecture Rooms, 
Churches, and Music Rooms ; by arranging the seating accord- 
ing to certain Isacoustic and Iseidomal Curves ; — read l6th May 
1838, (542), and ordered to be printed in the Transactions. 

The Soeitbfi HoHmvry Siher Medal 

11. To Charlbs Hbath Wilson, Esq. R.I. A. Assoc. Royal ScoL 
Acadq 8 Northumberland Street, Edinbuivh, for his Essay on 
the Expediency of fornung National Establishments for Mould- 
ing and Casting Works of Art, with Observations on the im- 
provements which woidd result from the adoption of such a 
measure ;~read 28th Mardi 1838. (S55.) Printed in the So- 
dety'g Transactions 1836. 

The Soeie^i Honorary Siher Medal 
Your Committee beg leave to report, tliat there has been no com- 
petition for the foUowing Prizes : 

2d Prize, Society's Silver Medal value Ten Sovereigns. 

3d Do. Five 

5lh Do. : Five 

6th Do. Five 

1 1th Do. The Society's Honorary Silver Medal. 

Befbre concluding their Report, your Committee beg to prqxwe, 
that, — awhile Thanks are due to all those Gentlemen who have sent 
Communications to the Sodety, — the ^tecial Thanks of the Society 
■bould be given to the following Gentlemen for their respective Com- 
raunicatiom, viz.^— 
1. To RoBBBT Bald, Em. F.R.S.E. Mining Enguieer, Edinburgh, 
for his Plan for Feeoing Marine Steam-Engine Boilers with 
Water f— e^ibiled 1 1 di April 1 838, (549.) which the Com- 
mittee r^iorted " to poasess all the advantages of the other plans, 
and none of the com[Jication, and that it could be used with ad- 
vantage, only it is not a self-acting feeder, as it reqiures the at- 
tention of the engineer — but it is exceedingly simple." This 
Communication wae not a competing one. 
3. To John Soott Robsell, M.A., F.R.8.E., V.P.S.A., for his 
Communication on the same subject; — read Ittb April 1838; 
(M3.) —which was almost identical with the pteceiUng, and of 
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which the Committee repcHted in equally brounble toniB. 
This Communication, also, was not a comp^ing one. 

3. To William Galbraith, M-A, C.S.A^ Teach^- of Mathe- 
matici, Edinburgh, for his Communication on a Formula to ob- 
tain the Decrease of Temperature accordinf; to the Height above 
the Earth's Surbce ;— read 1 Ith April 1838. (S4&) 

4. To Mr Edwabd Sanq, F.R.S.E., Civil Engineer, Edinburgfa, 
for his Essay on the Construction of Oblique Archeo ; with 
Model and Drawings; — read and exhibited l6th May 1638, and 
previous dates. (511.) Ordered to be printed in an abridged 
lomi in the Transactions. 

5. To Mr Gborsb Richasosok, Printer, 35 AGller Street, Gla&- 

?iw, for a Communication sent by him in competition for the 
rize offered " For a Method of Removing the Plaster of Paris 
from the Types after Stereotyping, without injuring the Types f 
—read 2eth February 1 838. (516.) 

The Thanks of the Society are given to Mr Kcbardson be- 
cause be has to a certain extent succeeded; — inso&r m be 
has found out a simple method of removing the Stucco ; — 
but the condition of the Prize is, that this must be dmie 
" without injuring the Types ;" now, it is found that the 
Types, af^er having undergone his process, become, when 
dry, so firmly cemented together, that they cannot be sepa- 
rated except by force, which is not only attended with in- 
jury to the Types, but with greater dels; than the common 
mode. A method of preventing the latter defect would 
render his invention eminently useful. 
All which is humbly reported by 

DAVID MACLAGAN, ComMm-. 
hcseuii op thb societv of astb, 
63 Hakoybr Stkeet, Edin. 

In presenting the " KeUh Medal" to Mr Sang, 8ir John made a few 
remarks to the following imporL — " The late Alexander Keith, Esq. rf 
Bavelston and Dunottar, the representative of an ancient and honomable 
family, often celebrated in Scottish history, had laudably promoted the 
cause of science while he lived, and bad devised the means of its ad- 
vancement after his deeesse, now at disposal of the Soue^, aa the 
' Keith Medal,' to be given for the most important inventioD, disooveiy, 
or improvement in the useful arts. But no opportunity had hitherto oc- 
curred since the Keith Fund came into the poaoeoaioo of the Sodotj irf 
awarding that ptize. Now, however, it was highly gratifying to find 
one of the most scientiflo, nsefbl, and meritoDous of aO who had been 
connected with the Society, Hr Edvrsrd Sang, entitled to this eminent 
distmction. Hb skill, his labours, and unermitting exertions in various 
scientific departments, were too well known to be embelliriied by aay 
commentary. It was alike creditable to him to receive such a testimony, 
and fbr the Society to have inch sa opportunity of bestovriog it." 
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5, Tba Hodelij Dnwings, &o. of InTentioni, &c. (Betrion iaS7*e)> for 
-which Priies have been awaided, were exhibited. 

3. Put fiMt of A papei on a method of obUining the greataat powible 
wuctitode baxa the data of a Biuvejr, b; Ui Edward Sang, F. B. a E., 
Bl.B.A., civil-eDgiiieei and machine-makei, Ediabaigh, waa then read, 
tot whioh Mr Sang tecdred the thanks of the Society. (S96.) 

A, ^>eciinen of ■ new Method of Printing in Relief for the uae of the 
Blind, by Hesan Leith and Smith, lithofpiaphers, Hanover Street, Edin- 
buigh, was exhibited. (604.) 

6. Donation. — The Principlea of English Gnmmar, in rused Letters, 
for the use of the Blind. Glasgow, printed at the Institution Press. B7 
John Alaton, Eaq. Honorary Treasurer to the Asylum for the Blind. 1838. 
From John Alston, Esq. (60S.) 

6. Donation. — ^A Selection of Fablee, with Wood-onts, (or the use of 
the Blind. Glasgow, printed in the A^lnm, by the Institution Prea*. 
183& From John Alston, Esq. (606.) 

1. Donadon. — The Fifth Annual Bcpoit of the Managers of the Penn- 
qrlvanian Institutimi for the Instmction of the Blind. Philadelphia. 1838. 
From John Alston, Esq. (607.) 

8. Donation. — An Account of the Hospital and School for the Indigent 
Blind at Norwich. (1838.) From John Alston, Esq. (608.) 

The thanks of the Bodety were Toted to Ur Alston for these four 
donations. 

At the conclusion of the public busineas of this evening, the {allowing 
motion was nude by David Uaclagan, H.D., F.R.S.E., and seconded by 
Sir John Graham Dalyell, kL, President of the Boriety; 

Dr Maelegan, after expresnng the high sense which the Members una- 
nimously entertained of the services of die Secretary, in fbrwarding the 
objects and promoting the jvospcrity of the Booiety, moved. That an es- 
pecial vote of thanks be given to Mr Tod, fin the great ability and un- 
wearied leal widi which he had so long discharged the duties of Seoie- 
taiy, and which Dr Maclagan felt assured, the Society would consider it 
to be their duty to acknowledge by some fiirther mark and memorial fA 
their approbation. 

Sir John Graham Dalyell, in seconding the motion, expressed his en- 
tire concnrrence in tiie opinion entertained of Mr Tod's merits, and pro- 
posed that it be remitted to the Counol of the Society, to connder snd 
report in what manner the object of the motion could be best carried into 
edect j which was agreed to unanimously. 

le/A Janmry 1839. Sir John Graham DalyeU, the Preu- 
dent, in the chiur. The following commnutcatioiis were laid 
before the meeting : — 

1 . Part Second of a paper on a Method of obtuning the greatest pos- 
sible Exactitude from the data of a Burvey. By Ur Edward Sang, 
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F. B. S. E., H. 8. A., dvil-cDgineer uid intuiliine-iiutkOT, SdiAbuigh. 
(096.) 

2. On the Vibntioiu of Siupensioa Bridges, and other StmctnnB, ud 
the means of pnveQting Injnries aiiung from this cause. By Jolin Scad 
BiuseU, M.A., V.P.S.A. (fiOO.) 

Mr Russell's attention had been directed to this subject, so important 
to the uta, by having occanon some years ago to hsTC s rtmctoie of 
timber of great height and exceedingly slender, erected for esperimealal 
purpo«es. The evils ariaing&om oscillations had in that cs&e been strict- 
ly inquired into, and had led to the examination of the prindples of those 
oscillations and the best and simplest mode of obviating tfaem. The case 
of Suspennon Bridges, vras that to which these prindples were most di- 
rectly applicable, both on account of their extreme lightness and slen- 
demeas, and because their strength was so near the limits of possible oo- 
heirion that mere weight of materials would not m that case, u in most 
others, supply the place of advantageous anangemenL The sntject was 
at present rendered highly interesting by the ctrcunutance that both the 
Suspension Bridges of Montrose and of Menu were, from this canse, im- 
passable to her Majesty's mslls, and public business was thereby much 
interrupted. It was also in oui reoollectiou how recently the Brighton 
Pier and other stntctuies of a rimilar nature had sufiered from the same 
cause. The paper consisted, first, of an account of the aathor's original 
experim^itf and oheerrations on the oscillations of Btruoturea ; second, 
of the philosophical priudples on which they depend ; third, of the ap- 
plication of these prindples to Suspension Bridges and other stnctores. 
It was shewn by some beanUfiil experiments, that the tendency of such 
structures is to Mdllste in eqnol portions like tiie string of a muricsl in- 
strument in sounding harmonics, Mid that the great object in mechanical 
structures was to stop these vibintiona, whereas in muncal strings it was 
to continue and increase the vibrations, the principles were the same, 
but the plans to be followed were opposite. It was, last of all, shewn, 
that, by placing stays in certun positions'rather than others, they might 
be so ananged as to give a bridge perfect stability. It appeared that 
two stays, placed according to the rule, would give as much stabUi^ as 
thirty-five in the common way, and that fbur stays would do as much as 
one hundred— thus eating great economy in weight and expense, with 
great stability and strength. 

The following were admitted ordinary members : — 

David Smith, Esq. W.8., S Doune Temice ; Mr F. Watson, bookaeUa, 
^62 Prince's Street ; David Hunter, Esq. of BUckness, 67 Queen Street. 

30rA January. -~4<isa Scott Russell, M. A., F.R. S. E., Vioe- 
Fre^ent, in the chair. The following communications were 
laid before the Society : — 
1. On an Bxpeditions Method of tempoiatily, bnt aecnnly, ftop^ng 
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LealA^ tn Steam-boilers, partioalwl}- applicable to the Boilen of Steua- 
tumIs while OD * voyage. Bj Kobert Hay, Esq. R.N. Commoaicated 
bjDrJamea Weir, H.8.A. A wotUd^ Model of the apparatiu was ex- 
hibited. (602.) Referred to a Committee. 

2. On the composition of a vet? firm Lute for the joints of Steam- 
pipesj &e. Bj the same. Communicated by Dt Weir. The lute w«« 
shewn, and its composition given. (603.) Referred to same Committee. 

These communications excited considerable bterest ; and the general 
impression seemed to be, tliBt although only useful in peculiar situations, 
the method is valuable as an additional expedient, to be ready for emer- 
gencies. 

3. On Assaying Copper, and other Ores, by Galvanism. By Maitf n 
J. Roberts, Esq. of Wales. Communicated by Dr D. B. Reid, F. R. B. % 
M.8.A. The apparatus was exhibited. (611.) Referred to a corn- 
Some remarks were madeon this process by Mr Ponton, who seemed 

to fear that the whole of the salt of copper might not be decomposed, 
and who mentioned sinangements by which he had decomposed the last 
particle of salt. Hr Roberts, however, stated that he had put the solution 
to the severest test, and had found none of the salt undecomposed ; and 
further, that his new process had been adopted with much success in 
Walei^ and was preferred to the old methods. 

4. Description of a new Waving Boi for Engravers' Buliog Machines. 
By Mr Edward Sang, F. B. S. E., M. S. A., civil-engineer and macbine- 
uakei, Edinbnrgh. The Maehine was exhibited in action. (616.) Thanks 
voted. Referred to a Committee. 

The chief novelties in this apparatus were the substitution of a cylin- 
drio waving bar, easily removable, fbr the usual flat one, by the turning 
of which, changes in the pattern might be produced, — and n combination 
of levers for altering the depths of the undulations. Specimens of work 
done by it were distributed among the members. 

A. Donation. — The authorized Versioaof the Psalms of David in Metre, 
embossed for the use of the Blind. In 2 vols. Olasgow ; printed in the 
Asylum, by the Institution Press, 1838. From John Alston, Esq. of 
Roecmount, Hon. M.B.A. (009.) Thanks voted. 

Arehibald Oibson, Esq., Accountant, 63 Queen Street, was admitted 
as an Ordinary Member. 

13rt J-fi.— Andrew Pyfe, M. D., F. B. S. E., Vice-President, 
in the chair. The following commnnieations were lud hefore 
the Society : — 

1, Description of a new machine for lifUng Stereotype Moulds from 
the Types, and a new method of Baking the Moulds, &c. used in the 
Btereotype Foundry of Messrs Ballantyne and Oo. Bdinbnigfa. By Mi 
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Danial HMpbHion, 4 CIuuIm Street, Edinbui^ The 9 
lubited. (6ia) Befen«d to & Committes. 

2. On OeodeticBt Snrvejicg sad Triganoiiietrieal Levelling, Na. L 
Bj- Willum GalbTaiOi, M, A., C.B.A., Teftcliei of H&tlteiiutics, Edi»- 
bargli. (613.) Thanks roted, and to be printed in tb« TnusftCttons. 

3. Notice of a Protecting Fnune, to enable persons to cle«n t^e oot- 
rade of wbdona witbont dai^r. By Mr Jobn Beillie, 23 Ptmihririand 
Street, Edinburgh. Fnune exhibited. (688.) Thanks voted, and ro- 
femd to a Committee. 

A. Mr Ponton, with the permisdon of the Society, laid on the table ■ 
communication from Dr TibIU, on tbe subject of his Indelible Ink, vrtueh 
waa refened to a Committee and to be read at next meetiag. 

A. Donation. — The Suburban Gardener and Villa Compwion. Bj J 
C. Loudon, F. L. B., H. a, &«. Loudon, 1838. From the Aatho>: 
(471.) Thanks Toted. 

The following nere admitted Ordinary Membras, ris., 1. Ur John 
Hackie, fuining-engineet, Alloa Colliery, Alloa. 2. BIt I.uirenoe Hill 
jmi., civil-engineer, Barlanark, near Glasgow. 3. Hr J. G. Oreig, wax- 
geon-dentist, fi? Caatle Street Captain Alexander Hilne, R, N., was 
elected an Asaooiate Member. 

27M /*£&.— Sir John Graham Dalyell, Kt President, is the 
choir. 

This meeting presented more than the usual interest, ftom the circum- 
stance of having been fixed upon for the presentation of a piece of plate 
10 Mr Tod, the h^faly valued Secretary of the Society. It had been for 
a considerable time the unanimous feeling of tbe members of the Sode^ 
that their great and growing prosperity was chiefly owing to the inddk- 
tigable assiduity of the Secretary, his diligence and discrimination in tbe 
di.^charge of his duty, and the tact which be displayed in reconciling par- 
tic-s of different and somelimea opposite views, so as to unite them all in 
tIjD promotion of the objects of this society. The President, Couno), 
and Members, had accordingly carried the general wish into execution. 
Od this evenbg. Sir John Graham Dalyetl, supported by the offiee-bcar- 
eis and a most numerous meeting of the members of the Society, present- 
ed the plate to Mr Tod, and in doing so, Sic John spoke as follows, with 
his usual animated kindness of manner and nunly tone of morsl feding : 
He adverted to the flourishing state of the Soiuety, and the numerous and 
valuable inventions and communications which its proceedings occasion- 
ally elicited. He ascribed much of its prosperity to the diligence, zeal, and 
activity of their most meritorious Secretary, Mr }ames Tod. For above 
ten years his gratuitous serrices had been unremittingly devoted fbr its 
benefit, aad through their medium, for behoof of the pnblio. Nor was 
this an easy task, ooundering the great varie^ of matteis brought undn 
Timr,andtheo(vkiu«det>iltre«peotiiigthHi,of whkdi the pwiModimi 
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of tUa nnM «v«iuDg offet«d an impiwrnvo «zanipl«. Tha raiiuk«ble 
order and untngement alto pieietved by Hr Tod wen hi^y conducive 
to the oommon wel&re ; but, above all, bis int^rity deserved the Treim- 
CMt conuaendation. He (Sir J<diB) would ever tank integri^ among the 
first of Inmu qualities. Who oonld be k> ecUmable at an honect judge 
a tniatj friend, or a fiutbftil terrant .■'—one in wfaom implicit relianoe 
might be repoced, and one wbo would never betisy confidence. Aa Pre- 
sident of thit Society, be had alieady had many opportunides of deliver- 
ing the rewuda of merit ; but none were bettor bestowed than this ele- 
gant ailver talver now given from the chair, thus inscribed ; — " Pte- 
Bcnted by the Sooiety of Arts for Scotland to Jsmea Tod, Esq., W. S., 
tlieir Seeretary, in teatimony of tbeir respect for his ohai»ct«r, «jid tbor 
sense of hit invaluable service* in forwarding the objects and promoting 
ibe prosperity of the Sooiety." In name of tlie Society, Sii John added, 
be was confident tbatso fl&tleiing a tesUmony of approbation would be 
caveAUly preserved by Hr Tod, and tmnsmitted to his latest posterity-- 
-while, as an individual, he earnestly desired him all health and comfort 
and happineee for the long enjoyment of so precious a gift. 

Hr Tod shortly and appropriately returned thanks for the honour which 
had been conferred on him. He considered the compliments that had 
been paid to his services greater than they deserved, and ihis token of 
their regard would prove a stimulus to his future exertions in promoting 
the usefulness and well-beiiig of the Society. 

The usual bofflness of the evening was of an interesting and Talnable 
description. 

1. MrMacphcTson exhibited the method of lifting Stereotype Moulds 
from the Types with his new Machine, as requested at last meeting. 
(610.) Thanks voted. 

This beautiful little machine was presented with one of the stereotype 
moulds in the actual process of being lifted, and one of the members of 
the Sodety, totally unacquunted with the im>cesa, was euabled by meant 
of it, to perform one of the most delicate and difficult parts of the art of 
Bteieotyping, in the most satisbctory manner. 

S. In connection vritb the former subject, Mr Claud Rnsseli exhibited 
one of the earliest Stereotype Plates, executed by Oedd in 17^. Thanks 

8. The third communication was a Stove of a new construction, s^ 
to have all the properties of the Amott Stove (radiation, equalization, and 
regolatloD of heat, and economy of Fuel), without the tendency, in 
weakly drawing^Vents, to return smoke or carbonic acid gas into tha 
room. This Store can, in an instant, be converted into a cheerful open 
flre, and, at the expense of about a penny a-day, render an apartment, 
especially a bed-room, perfectly comfortable, night and day. Invented 
by William Kiikwood, plumber. Thistle Lane, Edinburgh. (^3.) Thanks 
Tottd, and referred to a committee. 
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This StOTC wms exhibited as a f[teat improTement upon AmoU'a Sto'vc 
In certaip ratcunutuces, sucb as vhere there ii an ill dnwiafr vent, Ar- 
nott's Store is laid to have been fonnd not to answer well ; and whese 
it does not noceed, it is highly dangerous to the health, and evn tbc 
life of indindnals. Thii Stove is intended to remedj' tbwe deliscts ; it 
is exceedinglj cheap, and 'n el^atit in appearance. Hr Jamea Smpwai. 
advocate, who was present, stated that the Stove was originally invoited 
for lui nse ; be had Amott's Stoves in some of his bed-iOoros, where, in 
consequence of ill drawing vents, they had injured the health of indivi- 
duals, and Hr Kirkwood had proposed to him to remedy these defects. 
He stated, that Hr Kirkwood had perfectly snccceded, and that his 
apartments now possessed the gTe»t«Bt comfort, with perfect safe^, at 
an expense of a penny a-day. Mr Simpson farther staled, that in 
another of his rooms he usee an Amott StAve, which answers there 
perfectly, 

4. Description and Drawings of a new and self-acting Bailway Cross- 
ing. By Hr John Melklejohn, 99 Home Street, Edinborgh. Working 
models were exhibited. (612.) Thanks voted, and referred to a Com- 
mittee. 

It is well known that where laitways cross each other, or diverge &ain 
one another, there b both danger and jolting at the crossing. This self- 
acting switch is iutotded to remedy these inconveniences, and a Toy 
neat model of the rimple apparatus, contrived by Mr MaUq<An, was ex- 
hibited. 

5. On the proper method of disponng of Panes (A Cmwa Olaa in the 
Frames of Windows. By Sir John Bobisou, K.H., Sec B.S. Ed.,— 
C. S. k. (616.) Thanks voted, and remitted to the Experimental Com- 
mittee. 

Sir John Robison had esperienoed the evil of the ordinary wny of put- 
ting in panes of glass, having the convex ride ontwards. When the 
action of the wind was strong, as daring the late storm, when its pres- 
sure was neatly 8 lb. on a square foot, the convex side was forced in 
and rendered concave, and in doing so was brdwn. It vras, therefore, 
proposed that e^>erimeDts on this subject should be tried by the Socie^, 
and Sir John recommended that the panes should be put in windows 
with the convex »de invrards. 

6. Specimens of Stained Qlaas, executed in a new style, under recent 
patents obtained by him. By Mr William Cooper, patent glass mann- 
fccturor, Picardy Place, Edinburgh, M. 8.A. (406.) Thanks voted. The 
specimens were various, and very much admired. 

7. A letter was read &om Dr Traill on his Indelible Ink. The speci- 
men formerly sent to the Society had been taken by mistake ftom a bottle 
mailed imperfect. (617.) Thanks voted. 

The Committee reported, that, after many experiments, they found that 
the ink wu peifeetly indelible, and iDde«ruota>le, if written oa pnqiet 
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paper, and that the propet paper naa tbat which waa unaiud and pon»u, 
tike common prindng paper. It ippeara that come banks lave adopted 
tbia ink for orders, letten of credit, &e. The Committee reported that 
Dr Veitcb's Ink, thongh indelible, dettrojed tbe folmc of tbe p^ier. 

The following Candidates were admitted as Ordinary Mem- 
bers, viz. — 

1. WilUjun Kennedy, Esq. W. S. 67 Nortbmnberiand Street. 2. 8a- 
mnel Wright, Esq. of Nottingham, 17 St Patrick Square. 3. George 
Olorer, Esq. snigeon, 19 Bncclench nace. 

13rt March.— S\r John Graham Dalyell, Kt., President, in 
the Chair. The following commnnications were Idd before 
the Society. 

1. On tbe beat means of Bnming Oas for supplying Heal. By Sit 
JobnBobi«on,K.H.,8ec.R.S.Ed.— C.S.A. (681.) Thanks TOtcd. 

The manner of heating by the flame of a mixture of gas and common 
lur pas^g through a tube faaTing a diaphragm of wire gauze, was, in this 
paper, stronfijy recommended to be used in various processes in the arts ; 
particularly in the hardening and tempering of fine edge-tools and other 
articles of steel. No scaling or oxidation takes place, and the finest edge 
is preserred entire. 

2. ObMTVBtions on Boots and Shoes, with reference to tbe Structure 
and Action of the Human Foot. By Mr James Dowie, Boot and flhoe- 
inskcr, 97 Frederick Street, Edinbn^, M.S.A, Specimens, Casts, and 
Drawings were exhibited. (621.) Thanks voted, and ordered to be 
printed in tbe Transactions. 

This was a very interesting paper, shewing that, as the human foot be- 
comes elongated to the extent, in many cases, of two-thirds of an inch, 
when under pressotc of the body, as in walking, unless prOTiston be 
made for tbe elongation of the boot or shoe along with the foot, the feet 
and toes mnstbe cramped, their healthy action impured, and, in many 
cases, stiffiiess and even distortion of the joints of the toes superinduced. 
Thu deaideranun has been effected by Mr Dowie, in bis elastic boots 
and shoes, by tbe introduction of an elastic substance in tbe sole and 
upper leather, which, while quite impervious to water, has the property 
of enlarging and contracting along wi^ the tbot, both when iu motion 
and under pressure, end when at rest and free from the pressure of tbe 

3. On a Perfect Panllel Morion for the Steam-En(^ne. By John Scott 
Sussell, M. A.— F. R. S. E., Y. P. Soc. Arts. (626.) Thanks voted, and 
leferred to a Committee. 

This was a very beantifiil and scientific ^iplication of a mathematical 
pM^ioation, to the raechaninn of (he steam-eogine. By this method 
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the pistoa tod \a cBiried up and down in a stiaigbt line, wluch is mathe- 
mftdoallf conect ; while, bj the method of Watt, the piiton lod ia nerei 
at anj one point carried in an absolutely straight line, and at top and 
bottom of the stroke it is very conaiderably deflected ftom the straight 
line, trhich gives rise to much friction and strain on the mechanism. 

4. A short notice on the Consdtution of Steel. 6j Samuel Brown 
junior, Esq., Haddington. Communicated by Mr Alexander Brjaon, 
U.S.A. (628.) Thanks voted, and referred to the Especimental Com- 
mittee. 

This paper was intended to draw the notice <& the Society to the ques- 
tion whether steel were a chemical compound of iron with its carburet, 
or a mechanical union of carbon and iron. Crystals of carburet of iron 
were exhibited; and it was proposed that experiments be tried, with a 
view to the elucidation of the question. 

6. Donation. — The Annual Report of the Institution of Civil Engineers, 
for Session 1830. From the lustitudon. (624.) Thanks voted. 

27m March. — Sir J. Graham Daljell, Kt. President, in the 
chair. The following commuDicationa were laid before the 
Society : — 

1. On the beat method of bunung gas for the purpose of illaminatioii. 
By Sir John Robison, K.H. Sec. ft.S. Ed.— CJ.A. (682.) 

The object of this paper was to point out the most economical mode 
of burning gas for the purpose of giving light ; by peculiar constmction 
of the burners, and the proper size and fitting of the glass chimneys ; and 
the disuse of obscured shades. It is found to be more economical, with 
any burner, to bum the gas to the full heiglit it can attain without emoking. 
If a smaller quantity of IJ^t be wanted, it is better to use a smaller burner 
than to reduce the flame of a larger one. The best efii;ct of an argand 
burner is attained when the holes are all of one sixe, so that the flame 
shall be of an equal height all round. The paper also described the me- 
thod of burning gas in street lamps, pointed out by Sir John Robison, and 
now very generally used in Edmbnrgh, so as t« prevent the moisture ftom 
being condensed on the inside of the globes, and rendering the light ob- 

The thanks of the Society were ^ven to Sir John for this communica- 
tion. 

2. Description of a Substitute for Door Springs. By Mr John OQchrist, 
10 Middle Arthur Place. A model was ezbiblted. (631.) 

This appeared to be an ingenious method of applying lever power, in- 
stead of springe, for the purpose of shotting, and keepingsbut, doors open- 
ing either way, and by which the greatest power is obtained just Wbwa 
it is wanted, viz. when the door b shut. — Referred to a Committee. 
' 3. Dr Fyfe, V. P. dewnibed Mr Talbot's ptocois of Pbotogmio Dnw- 
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The ptocen was exhibited, and Bpecimena were produced bjr meuis of 
the Oxj-hjdrofeD light. (632.) 

Dt Fj^e made a few remaika on the propertiBS of the compounds of 
^vcr, more psrticulatlj their being darlened by the action of light ; ao 
that paper besmeared with them, and exposed to light, becomes dark 
coloored. Hence the process of photogenic drawing. The compound 
employed bj Mr Talbot is the Chiorii, but Di Fyfe stated that he pre- 
ferred the Photphate, not only because it is extrsmcly sensible to light, 
bnt also because it is applied more easily and uniformly to die paper. It 
gives a pale yellow tinge, so that it is thus easily known when the paper 
is equally spread over with it. The proportions he recommends are, a 
saturated solution of phosphate of sods, diluted with three, or sometimes 
four of water, and a solution of Lunar Caustic, diluted with six of water, 
the phosphate being first applied. Instead of these solutions, he some- 
times beameaiG the paper with phosphate of silver, suspended in water, 
la which a little mucilage b added. Paper thus prepared is equally nn- 
titive as that with the chlorid. Specimens of impressions taken from dried 
plants, from engraTings, and from landscapes on glass, both on chlorid 
and phosphate paper, were then exhibited. Dr Pyfe next made a few 
remarks on the means recommended for preterving the impressionB. He 
stated that he had failed in preserving them by the use of sea-sslt, as re- 
commended by Mr Talbot, and that as to the iodidt of potasrium, also re- 
commended by him, he had found great difficulty in applybg it sucoeas- 
fuUy, owing to the ease with which it acta on the shaded part of the im- 
pression. This had induced him to try the preservation by preventing 
the tiausmission of that part of the solar ray which causes the blackening. 
This he attempted by covering the paper with a red or yellow colour. In 
some trials which he had made, he had so far succeeded that impressions 
covered vrith a fkiot tinge, by chrome yellow, had resisted the action of 
light One of the«e he exhibited, which had been hnng up for two days 
opposite the windows of a room with a south exposure, and another 
wbicb had been exposed at a window for several hours, during two or 
three of which the sun was pouring its rays on the p^»er. In both of these 
the impreasion seemed to be little, if at all, affected. Dr Fyfe stated ibat 
be had great hopes that this method might be applied auccesBfully in pre- 
serving the impreasioDS. It was also mentioned tbftt the light of the oiy- 
hydrogen blowpipe was sufficiently intense to produce the impressions, 
and after finishing bis remarks, he shewed the method of doing SO. A 
small dried leaf of the vrild geranium was used, by which, in seven 
minutes, a distinct representation of the leaf was produced. Dr Fyfe also 
read a letter ttom Mr Dunn, the Curator, staring that he had that day 
succeeded in procuring an impression of a section of a piece of cane, by 
means of the sohir microscope. The impresrion, which was on phosplu>t« 
paper, was exhibited. Thanks given to Dr Fyfe from the Quai, 

4. The BepATt of the Experimeittal Committee sn Dr TruU's Indeli' 
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ble Ink (617), and on the Writing Paper most proper to be nsedvilk 
it, va« read and approved. The Report is in the following tenns:— 
Report of Ezperiment&l Committee on Dr Traill's Indelible Ink : — 
The Committee h«T)ng met, and having heard the letter of Hr Pontoa 
read, and having reconaideted the Bepott of the Committee on Ink*, and 
abo the experiments made bj the Ezpeoiroental Committee at last meet- 
ing, with p^eis of varioiu teztare and sur&ce, Aimiebed bj Ht Conn, 
beg to report, that the ink is indelible onlj on particular kinds of paper, 
and are therdbre of opinion, that the ink may be recommended aa inde- 
lible only whm used with paper properly prepared for the poipose, asd 
tested. 

(Signed for the Committee) 
John Scott Ruuul, Chairman. 

S. The Report of the original Committee on Dr TralU's and Dr Yeitch's 
Indelible Inks, waa read and approved. 

The following Candidates were admitted aa Ordinarf Mein- 
here, viz. : — 

I. E. J. MacbruT, Esq. 3.S.C. 22 Duke Street ; 2. Henry Atwood, Eaq. 
63 Northumberland Street; 3. Mr George Duncan, Bootmaker to the 
Queen, 66 Prince's Street; 4. Ht William Smith, Merchant, 1 Blair 
Street; 6. Dooglaa Haclagan, M.D., F.R.C.S., 129 Oeoige Street. 

10/A April. — Sir John Graham Dalyell, Kt., President ia 
the Chair. The following communications were lud before 
the Society. 

1. Kogiaphical Notice of the late Mr William Blaekie, optician, Up- 
per Hermitage, Leith, with an account of the prindpal optical appaia* 
tns executed bj him. Communicated by John Coldstream, M.D. Leith. 

Some of the lenses and other apparatus were exhibited. (622.) 
Thanks voted to Dt Coldstream for the Memoir, and to Professor For- 
bes, for exhibiting some of the lenses, prisms, &c ; and the memtHC was 
ordered to be printed in the Transactions. 

2. On Photographic Etching. By Andrew Fyft, M.D., P.R.S.E., Tice- 
Pres. Boc Arts. (636.) 

Before proceeding to describe the Photographic Etching, Dr Fyfe stated 
that, unoe last meeting of the Society, he had succeeded in preserving the 
Photographle impressions done with the phocpbate of silver, by immersing 
them in a weak solution of ammonia in water, which, though it affected 
the «olout slightly, yet prevented the fkirther action of the light. He 
then made some remarks on the process of etching in the common way, 
and afterwards on another mode of etching, by using a tran^arent var- 
nish, by which he vraa enabled to take copies from engravings and of 



Proeeedtn^B of the Society of Arli. 421 

T^tings, and bIm> to take etehings from the inugei giTen \fj the eamen 
obicora. BpecimeDB of the etctunga were sliewiii 

Dr Fjfe afterwatda ezMbited Bpeoimem of Photogn^hic impreMiona, 
taken on paonell board \ij the phosphate, and also on copper, bj the lat- 
\m of which he itated, that die laboura of engraven would in fiitnre be 
imclt diminiahed. He alio explained an important practical application 
of the HiotogTBphic procex to lithography, b; which lithographers were 
■at put to the trouble of tracing the object to be taken on the transfer 
p^ier. Lithographic specimeoB made in this way were exhibited. 

Thanks voted to Dr Fvfe, who was requested to give in writing the re- 
salts of his experiments. 

Di Douglas Maclagan also exhibited specimens taken by him; and 
NMtbei gentleman stated, that he had taken intpiessions on cloth, and 
afterwards washed out the remaining solution of silver. 

3. Notice of n new method of re-shipping a Rudder at Sea. By Mar- 
tja J. Boberts, Esq. of Bryn-y-Cserau, Wales, Cor. Memb. R.Q.6. of 
Cftmwall, U.L.Q.S., &c. India Btreet, Edinburgh. A model was exhi- 
Mted. (618.) Deferred to a Committee. 

4. Snggeations of ImpTOvement in Cloth Binding, from practical expe- 
lience. By Mr William Bnlloeh, North Bank Street, Edinburgh. 

A Model of the Sliding Fiame and Moveable Stamp were exhibited. 
(029.) Befened to a Committee. 
. 5. Donation. — Tmnsactions of the (London) Society for the Encourage- 
■ent of Arts, Manufactures, and Commerce, during Sesnon ]B37'8. 
Tol. LII. Part. I. From the Society. (63*.) Thanks voted. 

5. Bead and approved the Experimental Committee*! Beport upon 
Dr Davidson's Papers : 

1. On Adulteration of Fixed Oils. (654.) 

2. On Decolorization of Palm Oil. (5M.) 

< 3. On remoring the Fetid Odour of Fish Oils. (5A6.) 

4. On removing the Bitter Taste and Lichenous Odour of Iceland 
Mo8s,&c. (Mr.) 

The following Candidates were admitted as Ordinary Mem- 
liers, viz.: — ■ 

1. Henry Edward Dibdin, Esq., 72 Northumberland Street; 2. John 
8pence, Esq., «0 Great King Sueet; a Mr William Casey, Castle Mills, 
Fountalnbridge ; 4. Mr Thomas Ellis, Charles Street. 

17rt 4p»t7.— David Maclagan, M.D., F.R.S.E., C.S.A. in, 
the ChMT. The following communications were lud before 
the Society: — 

1. Notice of Mcent improTcments effected by htm in Photogrophio 
Drawing, &0. whatebytbelights and shadows are sot reversed. ByAn- 
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drew Tjte, M.D., FJLaE., Tkje-Pres. 800. Arts. (Ml.) 
were esbiUtad. 

Before proceoding to deacribe his method of taking ImpNeshnu with- 
oQt baviu); ft revene, Dr Fjfe stated that he had tecdved oommunicatiDU 
from MTeral gnDtlemen, mentioning that they had repeated bis e^pov- 
ments with ttie pliosphatfi of silver paper, and also with the amniMii, 
as a presettative. With regard to the latter, tt wai found by them aQ to 
prevent the briber action of the light on the specimens, provided it was 
propeiiy applied. As a test of its proper application, he stated, that the 
best method is to put the paper into a diluted solution of the ammonii, 
and to leave it for a short tjme, till oil the yellow parts of the impressim 
become white, shewing that the whole of the yellow phosphate is washed 
out. An irapTesaioD on paper, taken by Ht Wm. Forrester, litbofiaphec, 
was shevm. In this the l^htsand sliadowt were preserved as in the ori- 
guial, by covering the light parts of the drawing from which it was taken 
with a dark ground, and leaving the darker parti lighter and lighter, so 
as to allow the greater transmission of light through what, in the original, 
was the darkest. A lithographic stone was likewise shewn, on whiidi an 
Impresmon was taken by Mr Michol, lithographer, by covering the stone 
with phosphate of silver, md then, after putting an engraving on it, 
exposing it to light in the usual way. Dr Fyfe then proceeded to de- 
scribe the process by which he had succeeded in getting impressions, in 
which the lights and shadows are not mened. For this purpose the 
phosphate paper is first darkened by the action of light ; it is then im- 
mersed in a solution of the iodid of potawium, and, while still moist, ex- 
posed to light, vrith tbe object, the impresuon of which is to be taken, 
placed on it, and left till the whole of the paper exposed becomes yel- 
low, and when removed it exhibits a distinct representation of the ob- 
ject. In this process there is a tendency of tbe iodid to convert 
the dark phosphate to yellow iodid of silver, which it does instantly 
when the solution is strong, but very slowly when it is weak, unless it 
is exposed to light, and then the acdon goes on rapidly. It was ob- 
serving this that mduced Dr Fyfe to try the influence of light on phos- 
phate paper besmeared with iodid of potass, by which he was led 
to the discovery. Of course, when an object, which allows the b^t 
to pass through it differently, is put on the paper, those parts on which 
the denser portions of the object are placed still retain their darit cohrar, 
the other parts are tinged, just according to the. transmission of the light. 
When impressions thus prepared are kept, they gradually b^in to bde, 
owing to the continued action of die iodid of potass, and bence the ne- 
cessity of sabmitting them to a preservative process. After numeroos 
trials, that which seemed to answer best, was merely immersing them in 
water for a ttew minutes, and in some cases even allovring a stream of 
water to flow gently on tbem, so as to ws«b out the whole of the todid 
of potass not aeted on — in this way tiut agent which tends to deoolorixe 
the blackened phosphate, seems to be removed. Several apcwaeaa of 
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iffipresaloiui tKsta dried lesTea were shewn, in which the different parts 
seem to be as nicelr delineated, aa in the othei processes, where the re- 
Tene ta given. Dt Yyft, however, stated, that though thej seemed to be 
preeerred, yet he could not pootively assert that they were so, as they 
had been prepared only & few days. He also mentioned, that, owin^ to 
the un&vourable state of the weather, he had tried the camera obscura 
only once, and though there was no sunBhino, he had succeeded in get- 
ting a very bint delineation, from which he was in hopes that, in this 
way, a true representation may be obtained. He also stated, that im- 
preisioni may be got by using darkened chlorid paper, in the same way. 
In this case the sohition of iodid most be much weaker than that for the 
phosphate, the chlorid being more easily acted on. In both cases the 
aolution is made of such strength, that when the paper is touched witli 
tl, it acts on the phosphate or chlorid feebly, and then, before being 
spread on, it must be diluted with a little water, so as just to have it of 
such strength that It does not act. A spedraen of impression from chlo- 
ride was also shewn. 

The thanks of the Society were given to Dr Fyfe for this interesting 
com mnnication. 

2. Additional Notice t«garding the late Mr William Blackie, optician, 
Dpper Hermitage, Leith. Communicated by Mr David Dick, architect, 
Ediobnrgh. (640.) Thanks voted. 

3. Part 1. of an Essay on the present State of Art, as applied to Bri- 
tish Manu&ctures, by Mr John Whyte, pattern- drawer, 39 Clerk Street, 
Edinburgh, was read. (601.) 

4. Specimen of Printing in Relief for the Blind, with Architectural 
Embellishments. By John Alston, Esq. of Rosemount, Hon. M.S.A. 
(699.) B«ferred to a Committee. 

A. Donation. — Description of Ramsden's Engine for dividing Stidght 
Lines on Mathematical Instruments, 1779, with Plates. From Mr Ed- 
ward Sang, F.R.8.E.— M.8.A. (636.) Thanks voted. 

6. Donation. — Astronomical Observarions made at the Royal Observa- 
tory, Edinburgh. Vol. II. for the year 1836. By Thomas Henderson, 
Esq. F.R8.E. and R.A.S. From the Author. (63S.) Thanks voted. 

2Ath April.— Sir John Graham DaJyell, Kt President, in 
the Chair. The following communications were laid before 
the Society : — 

1. The President read a Letter recdved from Cav. Oio. Batta. Amiei, 
Astronomer to the Grand Duke of Tuscany, Florence, Hon. Memb. Boc. 
Arts, prefixing a Circular inviting the Members to attend a general Scien- 
tific Meeting, to be held at Pisa b October next. 

2. Part II. of an Essay on the present state of Art as applied to Bri- 
tish Hanufootures. By Mr John Whyte, Pattern-Drawer, 3fi Clerk 
Bti«et, Edinburgh, was read. (601.) 
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3. Description of r New Method of Propelliog Steam-Vcsaels. Bf 
Mr D, T. Hope, 34 Buccleueh Pkce, Edtobiugh. — A Model wu exhi- 
bited. (042.) Beteirod to a CommittM. 

4. DeacriplMD uid Drawinga, — lit. Of an ImptOTement od the Con- 
moD Smith's Vice: — aod, 2dly, Of an adjusting Drill Chuck, suitnUe fcc 
ToTning Lathei, oi Vertical Boring Uacbbes. B7 Mi James Haishsll, 
Eng^eei, 4 Conpai Street, North Leitfa. Modda wen exhibited. (687.) 
Referred to a Committee. 

15M 3foj^.— Andrew Fyfe, M. D., F.R. S. E., Vice-Pwadent, 
in the Chair. The following commnnications were lud before 
the Society : — 

1. Through the Mudness bf Mr Cooper, a Model of Mr RasseU'i Pa< 
rallcl Motion for the Steam- Engine was exhibited. Thanks voted. 

2. Part III. of an Ems; od the pte*ent state of Art, as applied to Bri- 
tish Mnnti&ctures. B7 Mr John Whyte, Pattern Drawer, 39 Clerk 
Street, Edinburgh. (601.) Thanks voted. 

3. Description and Mode] of Mr Hutchison's mode of heating Fer- 
menting Liquids in ««)' cold Weather. Communicated hj Dr D. R Reid, 
F.R.aE., M.S.A. (644.) Thanks roted for the ModeU. 

4. Notice of the Chemical Abacus, used for facilitating the stud^ of 
Theoretical and Practical Chemistry. BjDiD.B.Rad. (64JS.) Thanks 

5. Notice of Long's American Frame Bridge. Bj David Stevenson, 
(Svil Engineer, M.B.A. (648.) 

Working drawings, and a model constructed b; Messrs Maxton 
of Leith, of a bridge on this principle, ISO feet span, to be 
erected in India, were exMlnted, It was remarked b; an emi- 
nent atcbitect who was present, that the principle on which 
the framing of this bridge is constructed, might be tqiplied 
with great advantage to manj other purposes, where gireat 
lightness, combined with strength and rigidity, are lequirite. 

Thanks voted to Mr Stevenson for his communieatioD, and also to, 
Messrs Maxton for theii construction of the modeL To be 
printed in the Transactions, with a Plate, if -Mr Stevenson agrees 
toiL 

6. DonaHons. — Mi Alston of Rosemount, Hon. M.S. A., attended, aod 
presented his latest Specimens of Printing for the Blind, being a copy of 
the Book of Genesis, intended aa a commencement to the printing of the 
whole Bible tbr the use of the Blind. (660.) Mr Alston also preMnted 
two other hooka fbr the blind. (6fi2) and (6J!i3.) 

Thanks voted to Mr Alston for his donations, and (br his continued 
zeal and gratuitous exertions in the cauae of the Blind. 

7. Donation.— On the Colour of Steam under cctt4un cireumstances; and 
on the Colonrfl of the Atmosphere. By Piofesior Forbes, F. Q.BS. L. & E. 
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Fmm the Tww. of the Bofal 8oc of Edin. From the Author. (US.) 
Tbaakt voted. 

8. Donation. — Specimen of lithognplied Photognphy: which iraE 
UtlH^mpbed, tmsfemd, and printed, within two hours after the Pho- 
togropluG impiesnons were exhibited to the Bocietj, at the meeting on 
17th April 1839. By Mr William Fonester, Lithographer, 14 George 
Bteeet, Edinbu^h. (643.) Thanks voted. 

9. The following Reports of Coiainittees were read and approved of, 
via.:— 

(1.) On Mr Roberts' Method of Re-ahipping a Rndder at Sea. Mr 
R. Hunter, Conveiusr. (618.) 

(2.) On Mr Bulloch's Suggestions of Improvement in Cloth Bind' 
ing, and 81iding-fnune. Hr T. Qreig, Convener. (62S.) 

(3.) On Mr Qilchrin'sSuhetitutefbr Door Spring*. MrSIight, Con- 
vener. (631.) 

(4.).OnMrD.T.Hope'iPaddle-wheeL Mr Maxton, Convener. (642.) 

(fi.) On Mr Alston's Printing in Beliel^ with Architectural Embel- 
lishments for the Blind. Mr Eraser, Convener. (639.) 
Mr Thoiau Henzies, Ship-builder, Ldth, was admitted an Ordinary' 
Member. 

29M JUiiy. — Sir John Graham Dalyell, Kt., President, in 
the Chair. The foUowing communications were laid before 
the Society : — 

1. Koticeof a cheap and rimple method of prqwring Paper for Photo- 
graphic Drawing, in which the use of anj salt of «tfMr is dispensed with. 
Bj Mungo Ponton, Esq., F. R. S. E., For. See. Soc. Arts. (6fi4.) Spc- 
dmens exhibited. The method described bj Hr Ponton is to steep the 
paper in a saturated solution of bichromate of potass, and then to dry 
the paper quickly at a brisk fire, excluding daylight. . This salt is very 
much cheaper ttian the salts of silver, and is sensitive enough for litho- 
graphic and other practical purposes, giving a fine yellow figure of the 
object on a dark orange or tawny ground. To fix 'A, all that is necessary 
is to immerse the paper in water, which acts on the part of the paper 
which had not been exposed to the light, while it has no effect on the 
dark ground which had been exposed to the sun's rays. The effect is to 
deprive the yellow of a great part of its colour, and to turn it to stone or 
cream colour. Thanks voted, and to be printed in the Transactions. 

Di Fyfe wai also leqaeated to ^ve a written notice of bis Photographic 
Experiments, to be printed in the Transactions. 

2. Sir John Rolnson described verbally the appearance of M. Dagnerre's 
Photographic Pictures, which he had recently an opportunity of examin- 
ing vrith ranch minuteness when in Paris. (666.) Thanks voted, and 
Sir John was requested to give a written notice on this subject, to be 
printed in the Transactions. 

3. Wr John Robison also shewed s. spe«men of a new mode of Cuting 
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in Pluter of Paiis, whieb has Moeotly been intmted in Puu. The wp^ 

cimen (the band of « child) was mucbftdmired. (667.) Thftnke voted. 

4. Description, with a Drawing, of a Method of fillin|> the Boileia, 
rithet of Land or Harine Engines, which ma^ be done either when the 
engine is, or i> not, in motion. Bf Hr John T. Bose, Ccomwell Btree^ 
North Leith. (57ff.) Beferted to a Committee. 

5. DeaciiptioQ and Drawing of an imiwoTed mode of filling tlie Bmlen 
of Steam Engines with Water. ByDitta (570.) Referred to a Committee^ 

6. Letter from Mr James Whitelaw, formerly in London, now in 
Qlatgow, about bis Plan for feeding Boilen (MS), with four Numbers 
of the Mechanics' Magarine, in which he rden partienlariy to a modifi- 
cation suggested in the P. 8. to his desoriplion in No. 76& of that Mag»- 
zine. (£76.) Referred to a Coramittee. 

I. DeaeriptionB and Drawings of a method of inorwkung and diminish- 
ing the Distance of the Floats f^m the centre of the eonmco Paddle- 
wheel ; and of three modes of filling Stewn Bcolen with Watar. By Hr 
D. T. Hope, 84 Bnooleucb Place, Edinbw^h. Befened to a Committee. 

8. DescriptioDS and Drawings, 1st, Of a method of Working the Valves 
of a Steam Engine, which comUnes the simplieitjr of the eacentrio mo- 
tion with the adTanlages of the hand-gear eiipne (618) ; 2d, Of an Uni- 
Tersal Joint of a new construction (620) ; and, 3d, Of an improvement 
on Friction Conea. (621.) By Mr James Whitelaw, Engineer, 4 WeOiDg' 
ton Street, Glasgow. Referred to a Committee. 

9. Letter regarding his mode of Lighting Shop Windows, and his loada 
Sashes for such windows (182), formerly submitted to the 8ocie^. By 
Mr Thomas Johnston, 13? George Street, Ql&sgow. (680.) fieferted to 
a Committee. 

10. A new method of Elaving Lifu and Property at Duddingatoo Loch 
and Water of Leith. By Mr John Bullie, 28 Cumberland Street (SSS.) 
Thanks. 

II. Description of a Self-acting Water-Closet, with Ball-Gock. By 
Messrs John Bryden and Sons, Bell-hangers, 80 Rose Street, Edinburgh. 
A working model was exMbited. (646.) Referred to a Committee. 

12. Description of a Bank-Safe Lock. By ditto. The Lock was ei- 
faibited. (647.) Referred to a Committee. 

13. Donation. — Transactions of the Institution of Civil-Engineei^ 
London, Vol. III. Part I. From the Institution.— Thanks voted. 

] 4. The following Report of Committees were read, viz : — 

(1.) On Captain Hay's method of Stopping Leaks in Steam Boilen. 
Mr Maxton Convener. (602.) 

(2.) On Captain Hay's Lute for SteAm Pipes. Mr Haxton, Con- 
vener. (603.) 

(3.) On Mr Sang'slWaving Bar for Rnllog Machines. Sir John Ro- 
binson, K.H., Convener. (61S.) 

(4.) On Mr Macpberion's Stereotype Uould-liftiiig Harine. Mr 
BuneU, Convenei. (6ia) 
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(S.) On Mi BanUe'* Fiims for olMoin; Wtedon. Hi Wright, 
ConvHiei. (1189.) 

3d Julg. — Sir John Graham Daljell, Kt, President in the 
Chair. The following communications were laid before tt^e 
Society : — 

1. AdditioDkl VbiIm] BemaAi on Photognphy. B7 Andiew VjH, 
M. D.,F.R£.E., V.P.B.A.— Thuks voted. (6C8.) 

2. Fortfaei Verbal Notice and Model of a perfeot Pandlel-motion ap- 
plied to the Uarine Bteam-Enj^ine. B7 John Boolt BoMell, M.A., P.R.S.E., 
V.P.S.A.— Thanks voted. (66fi.) 

3. Notice of Palmei'i imptoved Table I^mp, which ia said to give a 
better and steadier light with common Whale Oil than ii given by the 
common I^mp with Sperm OIL Bjr Junes Tod, Eaq, Seerebuf. (661.) 

A DiKwing WM exhibited — Tbanka voted. Dr Ore baa suted that bii 
lamp bums well for foarteen hours, and gives light equal to eleven wax 
candles, thtee to the lb. 

4. Model and Dcccription of hia Patent process of generating Btaun bf 
means of a heated medium. Bj George Goodlet, Bsq. Leitb. — Thanks 
voted. (6(9.) 

6. Verbal Nodoe of a snbatitate for t^ Fljr- Wheel in Steam Engines. 
Bj William Buckle, Esq. Boho. Communioated hj John Boott ftussell, 
M.A., F.E.8.E., V.P.S.A.— Thanks voted. (Ml.) 

6. Model and Description of a Tool for setting Saw Teeth. By Mr 
James Ortniston, Wright (with Hr Bereeford, Haobiehill,) Peeblesshire, 
Communicated bj Bobert Maxton, Esq. M,B.A.— Referred to a Commit- 
tee. (660.) 

7. The fallowing Baposts of Committees mm n«d and approved o^ 

(1.) On Hr Hope's Eqtansion Bailvraj. lit D, BtevensoD,' Conve- 
net. (SSI.) 

(S.) On Mr Boberts' Assaying by Galvanism, lb Ponton, Ctm- 
vener, (611.) 

(8.) On Ur Meiklqohn's Bailway-oiosalng. Mr R. Hunter, Cm- 
vener. (618.) 

(4.) On Mr Hope's Method of inoreadng and diminishing die dis- 
tance of the Fteata from the centre of the Common Paddle> 
Wheel Mr Scott Uussell, Convener. (£83.) 
. (ff.) On Mi Whilelaw's mode of woAing the Valves of the Steam- 
Engiae. Mr Sang, Convener. (61S.) 

(6.) On Mr Whitelaw's new Universal Joint. Hr Bkng, Convener. 
(620.) 

(7.) On Hi Whitelaw's Improved Friotian Cones. Ur Sang, Con- 

TCMs. («ai). 



iiizedbv Google 



4S8 Pfoeeedinffs o/the Society <^ ArU. 

(6.) On Mr JohiuUiii's mode of Ughtis^ Shop Wiiidowi, Dr ff jfe. 

Convener. (630.) 
(9.) On MeMTs Bryden'e Belf-actiog Water-aoset, wiOi Ball-Coda 

Mr CraWmd, Convener. (646.) 
(10.) On Memn Brjden's Bank-Safe Look. Hr Crawfiird, Con- 

v«n«. (M7.) 

8, The following Conimitteei were requested to repctton or before l«t 
AuguM next. Theli reports to be sent to Prize Committee, vu. — 

(1.) On Hr St Cl&lr's method of augmenting the Tone of the Violin. 

ffir J. G. DalTell, Knt Convenec. (£88.) 
(2.) On Mr Scott Rnarcll's Parallel Motion for tbeSletun Engine. 

Mr Oigbt, Convener. (626.) 
(3.) On Hr Bom's Method of Feeding Steam B<^ei8. Hr W. 

Steele, Convener. (fi76.) 
(i.) OnMrRow'sImproved Ditto. Hr W. Steele, Convener. (678.) 
(ff.) On Mr Whitelaw's Method of Feeding Boilers. Hi W. Steele 

Convener. (fi76.) 

9. The following Reports to be lodged next sesalon, after proper expe- 
riments, shall have been made, viz., 

(1.) On Mr Kirkwood's Stove. Hi Ponton, Convener. (623.) 
(2.) Mr Brown's Paper on the Constitution of Btoel. Experlnten- - 
tal CommlLtee, Mr Ponton, Beeretary. (628.) 

1. The following Candidate was admitted as an Ordinary Uember, 
viz. :— Alexander Boyd, W. S. , 28 St Andrew Square. 

2. M, Dagnerro (of Paris) ofBcier de la L^on d'Honnenr, the inge- 
nious inventor of a peculiar method of ptodacing accurate Photogenic 
Pictures, was proposed by the Council for dection as an Honorary Mem- 
ber, and was admitted unanimously. 

3. Copies of the IJst of Prizes adopted by the Society, fbr Commnuica- 
tiODS to be read during the Session 1839-iO, were distributed and oider- 
ed to be advertised as usual. 

4. The Society elected the following Committee of twelve OrdiDsty 
Hembeis to award ihe Prizes fbr the current Session 1838-39, viz. — Sir 
John Graham Dalyell, kt, Preudent; Lieut.-Col. Bhmshard, B.E.,Dr 
Maclagan, Professor Forbes, Mi Blight, Mr Maxton, Mr Whytodc, Mr 
Wighton, Hr C. H. Wilson, Mi Macgibbon, Hi Wright, Mr Brown. 
The Secretary, em officio, Convener. 

5. The So^ty appointed a Committee to puige the Ust of Member 

After an impropriate address by the President, in which he took notice 
of the flourishing condition of the Society, both as regards the excellence 
of the communications, and the increasing number of its memben, the 
Society a^oumed till next Seanon. 
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LiatofPrixeafor Settion 1839-40. 

The Society for tlie Encouragement of the Useful Arts in 
Scotland, announce the following Prizes for Session 1839-40. 

I. For the most impaitaot Invention, Discovery, or Improvement 
in the UseTii] Am ; — The Kbith Medal, valite Twenty Sooereignt. 

IT. For tlic best Essay, to be lodged betwixt and 1st Novem- 
ber next, on the most improved manner of Uyinf Bails on Railways, 
—the most improved form of Rails,— «od tie best width of Gauge ; 
— TTte Socikti''e Gold Msdal, eo/iie Ttoeit^ Sovereign*, 

III. The Society proposes alio to expend the sum of Eighty 
SoTBBBiGNs, ID various Pecuniary Prises, and Honorary Medals, in 
rewarding approved Communications on the subjects hereafter men- 
tioned, — and liiiewtse on any other loventions or Improvements 
which may be tubautted to them, — and fi>r Easays or deti^ed Ac 
counts of Public or other Undertakings of great National impor- 
tance, not previously published. 

1. Ftn- the best series of ExperiraenU ^iplicable to the Useful 

Arts. 

2. For the most important Communication of any useful In- 

vention, Process, or Practice from foreign countries, not yet 
known or adopted in Great Britain. 

3. For llie best set of Experiments on the Cmsunipt of Fud by 

Locomotive Steam-Engines. 

4. For the best series of Experiments on the Comparative 

Economy, Comfort, and Bafety as r^ards be^th, of Stoves 
for heating apartments. 

5. For an account of a new and improved method of ascertaining 

D^eee of Temperature too high to be indicated by Common 
Thermometers ; with a view to enable Founders, Bakers, 
and others who employ fire heat, to conduct their respective 
processes with greater certainty. 

6. For the best series of ExperimenU on PhoU^nqihic Drawing 

particuhu-ly as to the Preserving and Multiplying of the un> 

pressious. 

General O&fenxjfionr.— All commumcations shall be entitled to 

compete for the Kbith Medal which comply with the terms of the 

announcement of that Prize, although falling under any of the above 

^>edfied subject)t. 

The descriptions of the various inventimis, && to be /mil and 
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ditttaet, and, when neceaaary, accompanied hjS^feeiauiu, DnnBiilgi, 
orModelt. 

The Sodety shall be at liberty to publish in theii TraniactioDs, 
eopiea or abetncta of all Fapen submitted to diem. AH Moddi, 
Drawings, kc fiw whid) Prizes ihidl be given, shall be hdd to be 
the pn^terty of the Society ; and these and all others which aba] 
be approved o^ shall be entitled to a place in the MosKuii. 

All communicatkna muat be written on Fooitaf paper, leaving 
margina^at leaat one inch broad on both the outer and ituter aides of 
the page^ so as to allow of their being aftefwards bound up with 
others ; and all Ehawings must be on Imperial Drawing Paper, un- 
less a larger sheet be requiaite. 

The Sooety reaerre to tbetaHlvea the power ai detenntniog whe- 
ther any Coanowiicatioa be of auffident moit to entitle it to ibe 
Pite for which it competea, and of noodifying tbe amotmt of tbe 
Priae. 

All communications (exccfit thoae competiDg for Price IL) to be 
lodged atiixmf^ier luNooember I8S9 atpottibte, in order to iusare 
thur being read during the Seaaion ; but tkote tnUcA eamnot he 
lodged to earbf, loill be received till lit March 1840. 

ConimuDicatione, Models, fcc to be addressed to Jamxb Tod, 
Esq. the Sbokktabt, at the HoBBUii or thb Socistt of Abts, 6S 
Hanover Street, Edinbui^ 

RoTAi. IxsTiTDTfOK, EitixBiiasB, 3d Jidf 16S9. 

NEW PUBLICATIONS. 
1. Memoirt of &e Wamerian Natttral HUtorf SoeUtf, fir tte gean 

1837-8. Fart I. ToL viii. With Five EngraWngs. Svo, pp. 163. 

Edinburgh, Adam and CSioilei Blacic: l<oi>gman,Onne, Brown>QK«a, 

and Longman, London : and H. Botby, Birmii^am. 

This first part of ^e eighth Tolume of the Wemerian Me- 
iDOiTB coDtains the followmg commimicatioiis : — (1.) Obterva- 
tiom on (he DUHnctiom, SUtory, and Bunting of Sealt m the 
Shetland Islands. By Laurence Edhokstone, M. D. — This 
is the most interesting and amusing account of the Britieh 
Seals hitherto published : it will be perused with equal plea- 
sure b; tbe geBeral reader and the man of science. Dr L. 
Edmcmstone, who is a native of Shetland, and resident in that 
secluded but very interesting country, we trust, will next take 
op the osteology and internal stntoture of the Phocid». 

(2.) On the last Ckoitffea in (he rtUmve Levels of the Imd 
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and Semin tie SHtuk lalandt. ByJAjiBs Skith, Esq. of Jor- 
danhill. F.K. S. L. & R To whicli is impended, a. Catalogue 
of recent Shells in die Baan of the Clyde and North Coast of 
Ireland ; — Catalogae of Shells from the newer Pliocene Depo- 
sits in the Briti^ Islands, and of recent Shells of new species 
fraca the Firtfi of Clyde. With two Plates— This valuable 
and important memoir is, by the Council of the Wernerian 80- 
cie^, recommended to the notice of those who may compete for 
the honorary prize offered by the Society for an approved Essay 
cm the ao~ealied Raised Sea-Beaches. The intelligent authtw 
of the memoir contends, that the beds of fossil shells described 
by him go to prove that the land has risen, an opinion, the 
plaufflbili^ of which we have often called in question, believing 
that the more andent opinion — ^the Lake lofpotKene — is c<Hn- 
petent to ezphun modi more than some geologists give it credit 
for. 

^.) Oh the Atteriadee of Ike Irish Sea. With two plates. 
By Edward Fokbbs, Esq., M.W.S. — This we conader to be 
the best monograph on our asteriadse hitherto published. 

(4) Meteorological Journal/or the year 1838. Kept at the 
Marue of the Parith of Abbey St Bathant, Berteickthire. Lat. 
55' 52' AT., Lotiff. 2° 23' IT., at the height of about 450 above 
the Sea. By the Rev. John Wallace. — The author of this 
Journal is well known as a learned mathematician and an ac- 
curate observer ; and, as his instruments are good, the details 
are worthy of implicit credit. 

(5.) On the Geognoey of the Isle of Eigg. With a coloured 
p^. By R. J. Hat Cdmminoham, Esq., M.W.S.— Thissmall 
but curious island exhibits in the rocky eminence named the 
Scuir, one of the most striking (if not the most striking) dis- 
plays of columnar rock hitherto met with in Europe. The 
geognoetical portion of the porphyry of the Scuir, left in doubt 
by Oeynhausen and Dechen, the two celebrated Prussian geolo- 
gists, has been fully made out by Mr Cunnin^iam, who ascer- 
tained that it forms a great vein. This isle is also remarkable 
fca: its pitchstones — its sandstone, disposed like tr^ in globular 
concretions, — and its fosal organic remains. 

Appended to this part, is the List of Subjects proposed for 
Honorary Premiums, by the Wemeiian Nat. Hist Sooei^. 
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2. Jwnui of the diiatie Sodets of Bengal. Edited by Juua PuMcn, 
Esq. F.R£., Secretarr of the Aaiatac Bodet; oT'Beqgalj &c. &c 

The NumbOT ibr December 1838, published on the 2d March 
1839, cont^ns the following artidee cooDected with phyacal 
science : — On the Spontaaeous Heating of Brine : By G. A- 
Pbinckp, Esq. Short notice of the coaet-iine, rivers, «ad 
islands acljacent, forming a portion of the Mergui Province, from 
A late Survey by Captain R. Lloto, Indian Navy. On the 
genus Hexi^rotodon of Dr Falconer and C^itain Cautley : By 
J. M'Clellaj^d, Aaeist.-Surgeon, Bei^^al Service. Meteorolo- 
gical Register, kept at the Assay Office, Calcutta, for the month 
of December 1888. — This Domber, which is the 81th, concludes 
vol. vii. of this valuable periodical The Editor, we regret to 
learn, is forced to leave India owing to indiqwisition. We 
trust, however, that one to whom the science of India is so 
deeply indebted, will ere long be restored to his wonted health ; 
for whether in Europe or in India, we believe he will otmtinue 
to labour for the furtherance of every thing connected with the 
science and arts of our Grreat Eastern Empire. 

3. The Quarter^ Joamoiof Agriaiittin, mdOte PHm £*mjw and TVot- 
nutiona ^tht Highland and dgriovUwal Sooittg <f 8eUl»ad. 8vo, in 
Quarterif Dtnnben. Edinburgh, WiDiAin Blackwood and Sons ; Lon- 
don, Thomas Cadell ; Dublin, William Cur? jun. and Co. 

An impcolant departsnent of this excellent and ably con- 
ducted journal, has hitherto been but little noticed ; we al- 
, Ittdc to that portion of it devoted to the geognoatical and geo- 
logical Prize Essays of the Highland and Agricultural Si}- 
ciety of Scotland. These essays, we are confident, when 
more generally known, will be found worthy the particular 
regard not only of geoIogUts, but also of those who study 
agriculture with liberal and enlightened views. Already the 
following essays, with accompanying coloured geognostical 
maps and sections, have been published. 

(1.) Geological Survey of Benciciuhire : mth a coloured geo- 
losical imp. My David Milnb, Esq. F.R.S.E., F.G.S., Ad- 
vocate. 

(2.) Beport on the Geology of the Eatt of Fife Cocd-Fidd: 
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with a coloured geologicai map and numeroiu teetiem. By 
Mr David L&ndalk, Coal-Engineer, Wemyss, Fifeshire. 

(3.) On the Geology of Moraytkire : mth a coloured geote- 
gical map. By Mr John Martin, Elgin. 

(4.) Outlinet of tke Geology of Benfretethire and the North 
of Agrehire : nHth a coloured geological map. By Wiliiajc 
MoNTGoiizKT, Esq. yonngfir of Cloak. 

(5.) OuOineof the Geology of tke South-ea$tDi»lrict of Perth- 
thtre : with a coloured geological map, and coloured aectiont. 
By 6e«hoe Buist, Esq. Cnpar of Fife. 

(6.) Geognoatical Account of the County of Sutherland: 
jeith a large coloured geognoatical map and many aectiont. By 
Robert Jaubs Hat Cunminghah. Esq. Member of die Wer- 
nerisQ Society, &c. 

4. Rt*tarthta on tha Developmeni, Slructurt, ami DUeiuet of the Teelk, 
By ALziiifi>EB NARHrrH, F.L.S., V.Q£, Heinb«r of the Goyal College 
of Smgeoiu, London. Sto, pp. 182, witli seren highly finished pktes. 
J. Chnrchin, Soho, London. 

Odontology, or the anatomical, physiological, and pntholo- 
^cat history of teeth, has, till within a comparatively late pe- 
riod, been almost entirely in the hands of the mere dentist. 
The early and beaatiful observations of Leeuwenhoek, publish- 
ed in the Philosophical Transactions for the year 1678, which 
may be considered as having paved the way for the interest- 
ing researches of modem investigators, were forgotten or al- 
most entirely neglected, until the subject was taken np by 
two able naturalists Retzius, a Swede, and Purkinje, a Ger- 
man, who, unknown to each other, resumed the course of in- 
vestigation began by Leeuwenhoek, by a series of observations 
upon the structure of the teeth, with the assistance of the 
microscope. Miiller of Berlin, our celebrated comparative 
anatomist Owen, and an acute and accurate observer, Mr 
John Goodfiir jun. of Anstruther, by porsuing the same path, 
have still farther extended oar acquaintance with the struc- 
ture and physiology of the teeth. 

Mr Alexander Nasmyth (brother of the well known and ac- 
complished Edinburgh odontologist), the author of the very va- ' 
Inable volume now before us, has also contributed many now 
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and important original observations. The " ResearcAes/^-viidA 
ought to be in the hands of every naturalist and medical prac- 
titioner, may be regarded as an introduction to the more ex- 
tensive work on odontology promised by our author. 

5. Tht CoUtetad Work* <ifSir NvmpAry Davg, Bart. G^ted hj Ida bio- 
tfaer John Davt, M.D-, FJl.S. 8ro. Smith, Elder and Co., Comltil], 
London. 1S89. 

- Two volumes of this valuable work are now before the pub- 
lic. The first volume contains " Memoirs of the Life of Sir 
H. Davy," by far the beat biography of Davy hitherto pobUsh- 
ed, and worthy the high name of its accomplished author Dr 
John Davy. The second volume contains early miscellane- 
ous peters from 1799 to 1805 ; with an introductory lecture, 
and ontlines of lectures on chemistry, delivered in 1802 and 
1804, by Sir H. Davy. This volume is mainly interesting on 
two accounts : one, as illustrating the progress of chemical 
discovery, and more especially of volttuc electricity ; the other, 
as displaying the progress of the author's own mind, and the 
formation of his literary character. 

It is presumed that this new, uniform, and beautifdlly got up 
edition of the writings of Sir H. Davy, wHI not exceed ten 
volumes, embracing the whole of his works, which were pub- 
lished during the space of thirty years (1799 t» 1829), a pe- 
riod memorable in the history of chemistry, and in no small 
part owing to his own discoveries. 

6. Memoir on tAe Mid-Lothian and Eatt-Lothian Coai-Fietdt : wUh a 
Map and numtroat SeOiont. Bj David Milnx, Esq. F.R.S.E., uid 
F.GJ5. 4to, pp. 152. Edinbuigh, William Black^rood uid Sons: 
T. Csdell, Strand, London. 1839. 

Mr Cunningham's prize-essay on the Geology of the Lo- 
ttiians ; the Geology of the Lothians and Fife, by Mr Mac- 
laren ; and this third valuable volume by Mr Milne, affijrd 
ample proof of the activity of onr Edinbur^ geologists, and 
also of the interesting nature of the Lothian portion of the 
Middle IMatrict of Scotland. This memoir is dlstiBgoished 
from those already mentioned, by the fulness of its details to 
regard to the geological and economical relations of the 
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stratified rocks of the coal-JUldg. Oar aotbor has also been 
at great pains in collecting, from the best sources, numerons 
facts illustratiTe of the characters of our coal-mines, their 
mode of working, quantity of coal raised, and tlie moral and 
domestic condition of the collier population. To the miner 
and geologist, the numerous tables, drawn up with great care, 
will he received as useful contributions. The map, althoa^ 
on rather too small a scale, is valoahle. Throughout the 
memoir there is a good deal of ingenious discussion, intend- 
ed, we believe, more for the speculative geologist than the 
miner. Mr Milne's estimate of Mr Williams, the author of 
the " Mineral Kingdom," and of some other laboorers in tJiis 
geological field, we hold to be incorrect. 

7. ZtokgyttfOteVeyagttfH.M.S.Bw^, t»i*r tkt eommuni <^ C<9- 
Uritt Fiiwroy, during the geart 1S32 to 1S36. 4to. Smitli, Elder, and 
CompaDy, London. 

The number of this work now before ns, the last published, 
is No. IV. of Part 11. of the Mammalia, which completes the 
natural history of the mammiferous animals met with during 
the voyage. The natural history of the species of the genus 
Mas, part of which was given in a former part, is here fini^- 
ed, twenty-eight species being described, and beautifully fi- 
gured. To these follow the natural history of three species 
of the new murine genus, named Reithrodon. Species of 
several genera of the sections Hystricina and Leporina are 
described, and with these this first and elegant volume of the 
zoology of the Beagle is finished. 

S. An Etymokgieal and Exflanatory ZHclionmy of the Termt and Lan- 
guage »/ Geology. Bj OcoHQR Bobbrts, 12tdo, pp. 183. London, 
LoDg;maD, Onne, Brawn, Oreeo, and Longman, 1898. 

This useful little volume we recommend to our young geo- 
logical iriends ; even those advanced in the stndy may refer 
to it with advantage. 

9. Frkuiplet of Qeneral attd Comparative PhyeUtlogy, intendmt at on /n- 
troduetioa to the Studg of Human Phyriology, and at a Guide to Uu 
pkUoei^cal purmit of Nat%ral Hietoiy. Bj W. B. Ctanmu, 
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U. D., Member of the College of SuigeoDS, London, &c. 8to, pp.47B. 
Six Plates. Jobo Cliurcbill, Prince's Street, Soho, London. 
This work is designed to afford to the student of way de- 
partment of botany and zoologjr, or pbysiologj-, such a com- 
prehensive view of the whole science of organized nature, and 
especially of its general principles, as may render the pursuit 
of any particular branch more interesting and profitable tjian 
if carried on without such preliminary knowledge. It differs 
from English elementary works on zoology and botany, in 
combining an outline of these divisions of the science (in 
which every leading natural group is treated on the same 
scale), with physiological details on the structure and life of 
the various forms of plants and animals ; and it differs from 
most works on physiology, in deriving the facts of that 
science, on which generalizations are to be founded, from all 
classes of 'organised beings, vegetable as well as animal. 
It is properly remarked by the author, that just as the physi- 
cal philosopher s^eks to combine as many similar phenomena 
as he can discover, for the basb of his general principles, the 
physiologist should employ the different classes of living beings 
as so many groups of in»taneeg, by the analyds of which he 
may insulate the phenomena with more freedom from dis- 
turbing causes, than in pursuing his researches by experi- 
menting on one kind of organization alone. The laws of life 
can only be searched for with a probability of success, by in- 
vestigating their operations jvlterever presented to us ; and no 
generaUzations can be really valid, which are not applicable 
to aU classes of living beings. 

It is the author's object, then, in this volume, to give a con- 
nected summary of what is at present known on the subjects 
it embraces ; including " whatever general principles may be 
regarded as firmly established, with as many facts as mav 
serve to illustrate them, without distracting the attention by 
profuseness of detail." He has not as yet contributed much to 
the gigantic pile which the industry of observers has accumu- 
lated, and which is at present being so rapidly increased ; hut 
he has attempted, not without success, to reduce it to forms of 
greater beauty and hannony. " At every successive step in 
generalization," he remarks, " are we able to comprehend new 
relations between facts that previously seemed confined and 



LUt of SeoUifh Fatent* 437 

insulated, new objects for what at first seemed destitute of 
utility." He has, moreover, frequently supplied links, where 
such were wanting, particularly in the department of rege- 
table physiology. The analogies between the vegetable and 
the animal kingdoms are pursued as far as they can be fairly 
traced at the moment ; and it is shewn that the study of each 
is cfl^able of throwing valuable light on difficult points in the 
phenomena of the other. The following is a general account 
of the contents of the volume. The introduction contains an 
(tccount of organised structures in general, of the elementary 
tissues of plants and animals, and of the principal natural di- 
visions of the two oi^nised kingdoms. The first book b de- 
voted to general physiology, and contains an exposition of the 
essential phenomena of life, and the laws by which they ap- 
pear to be regulated. In the second book, under the head of 
special physiology, these phenomena are considered more in 
detail, and distributed according to ^evr fitnctionai character. 
Each function, with the organs which perform it, is traced 
through its various manifestations in plants and animals, from 
the lowest to the highest of each scale ; and its various forms 
are contrasted with the transitory conditions it passes through 
in the development of the highest of each kingdom. We may 
add, that the beautiful plates add much to the value of the work. 
We understand that it is the author's intention to bring out 
before long a companion volume, more particularly devoted 
to Natural History. 

LUt of Patents granted for Scotland from 35M June to VI th 
September 1839. 

1. To RiCKAKD Bbakd of Egrenioiit Place, New Bond, Id the county of 
Middlesex, gentlemso, in consequence of a communication from a foreigner 
n^siding abroad, for an invention of" improvements in printing coJicoeN and 
other fabrics."— 25th Juno 1839. 

2. To JouN Shali. of Old Jewiy, in the city of London, merchant, in 
consequence of a commmiication &om a certoin fomgner residing abroad, for 
nn invention of " improvements in the manufacture of thread, or yam and 
paper, by the application of certain fibrous inaterialB not hitherto so em- 
ployed."— 2Sth June 1839. 

3. To Jambb Lbes of Salem, near Oldham, in the county of Lancaster, 
cotton itpinner, for nn inTontioo of " an improvement in the mactiioery for 
npinning, twixting, and doubling cotton, sillc, irool, liemp, flax, and other 
fibrous materials."— 2d July 1839. [^ 
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4. To JoBM AutowBMiTB of Bilston, in the coimtj of Suffiitd, dTil- 
engineer, for kd invenlion of " certain improTemenM in stieftm-enginca.*^ — 
Sd Jnlj 1839. 

a. To Fhamk HnoJ of Deptfoid, in tbe count]' of Kent, m 
chomist, for an invention of " certain improTemanta in tb 
steam-boitera and of locomotiTe-enginefl." — 3d July 1&39. 

6. To Thomab Ci^kk and Chablbs Clahs of WolTeihAii^loii, in tbe 
county of SufFoid, imn-foundera and copartners, for an inTenlion " far 
glsiing and enamelling caat-iron, hoUoirare, and other metallic anbatancM." 
—4th July 1839. 

7- To Albzandbb Gordon of Fladyer Street, Weatminater, in Ihe 
county of Hiddleaex, engineer, far an invention of " a new machine or ^i- 
paratoa for en^loying or uaing ateam or other elaaUc fluid aa a motiv* 
power," ti>e Bome having been communicated to him by a foreigner reeiding 
abroad.— 6tb Jul; 183S. 

8. To Jahbh Kat, formerly of Freeton, in the county of Lancaats, cot- 
tou-epinner, but now of Pendleton, near Manchester, in the aforesaid oonnty, 
flax-spinner, of an extension of three years, from 23d June 1839, of a paloit 
granted to him for an invention of " a new and improved machinery for 
pRparing and spiiming flax, hemp, and other fibroiu snbatancea, by powa:." 
—11th July 1838. 

9. To Abbahah Bdby of Manchester, in the coonty of Lancaster, gentle- 
man, for an invention of " certain improvements in the mode of printing, 
colouring, or dyeing cotton or other fabrics." — 13th July 1839. 

10. To JoHiFB liAunaLAT and Jobrca Fiu^i, of the firm of Maodalfy, 
Sons, and Field, engineers, of Lambeth, in the county of Surrey, foi an in- 
vention of " improvementa in the coostmction of marine ateam-eugiues, 
which are particnlarly ^iplicable to steain-eiiginea of tke largest daaa." — 
leth July 1839. 

11. To CHASLse Sakdbbsom of Sheffield, in the county of Yoi^ aieel 
manufacturer, for an inTeution of " a certain improvement in the art or pro- 
oeas of smelting iron ivea."— ISth July 1839. 

12. To Jamxs Tbmplbton, manufMtnrer in FMsley, and also Wiluam 
QuiOLAT, weaver, in Paisley, for an invention of " machin«sy for a new 
and improved mode of nunvdactoring silk, cotton, woollen, and linen 
fabrics."— 17th Jnly 1839. 

13. To PiBBBR AuoDSTB BucOTK of No. 70 St Martin's Lane, in the 
county of Middlesex, for an invention of " certain improvements in the art 
of prinUng on paper, calicoes, tilks, and other fabrics."— 17 th July 1839. 

14. To John Thomas Bbttb of Smithfield Bars, in the dty of London, 
recUfier, in consequenoe of a communication from a certain foreigner re- 
siding abroad, for an invention of" improvements in the process iS preparing 
spiritaoua liquors in the making of brandy." — I9th July 1839. 

15. To David Jorkstoh of Qlaagow, manufacturer, in consequence of a 
communication from a certain foreigner residing abroad, for an invention of 
" certain improvementa in the mano&ctore of hingea-'' — 19Ch July 1839. 

IS. To MosBs PooLB of the Patent Office, Lincoln's Inn, in the connty 
of Middlesex, gentlenun, in consequence of a communication from a certain 
foreigner residing abroad, for an invention of " improvemeala in printing 
calicoes and other fabrics."^ 19th July 1839. 

17. To John Faibrie of Church Lane, Whitechiqwl, in the county irf 
Middlesex, sugar refiner, for an invattion of " improrententa in pi*i'in g and 
refining migai."— 19tlt July 1839. 
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IS. To HziTBiCK Zakdkb of North Street, Sloone Street, in the connty 
of Middle«es, gentleniBii, for an inTention of " improTements in steam- 
engines, Bteam-lxulen, and condenEen." — 82d Jnly 1839. 

19. To JoKM EvAva of Birmingham, in the canntf of Wanrick, paper 
mannfltctnrer, for an invention irf " improTements in the manufacttire of 
p«|)er."— 83d July 1839. 

SO. To John AxaxAitDBRELZB^BDEaiUNDof the Bonleraid da Temple, 
in thecity of Paris, batnonof CoTent-Oarden, in the cotmty of Middlese:), 
fbr an invention of " improrementa in the production of motive power, and 
in madunery for qiplying the iame to ngefdl purpoBee." — 33d July 1839. 

31. To Edward Pkancoib Josbfh Doclos, late of Samson, in the king- 
dom of Belginm, but now of Leicester Place, Leicester Square, in the county 
of Middlesex, gentleman, for an invention of " improvements in the manu- 
foctnre of sbc, copper, tin, and antimony." — 33d Jaly 1830. 

23. To Chabi^s db Lavblbtb of King's Head Court, Shoe Lane, in the 
dty of London, engineer, in consequence of a communication from a certain 
foreigner residiug abroad, for an invention of " improvements in the manu- 
facture of tnicks."— Z3d Jnly 183V. 

33. To Tbsodokb Cotkllb of the Haymarket, in the county of Middle- 
MX, civil-engineer, for an invention of " improvements in extracting salt 
from sea or salt water, and rendering it pore and drinkable, and in purifying 
other wat«T&''— 23d July 1B39. 

34. To William Nbwtom of theoffic«forpatenta, 66 Chancery Lane, in 
theconn^ofMiddleeez, civil-engineer, in cotueqnence of a communica- 
tim friom a forrigner reeiding abroad, for an invention of " certain im- 
{H«vem«nta in engines to be worked by air or other gases." — 31st Jnly 
1839. 

35. ToRoBBBt GHTFirrKS of Bmethwick, in theoonntyof Btaflbrd,foran 
invention of "certain improvements in the construction of presses, which 
improvements are also applicable to (he raising of weights." — lot August 
IB89. 

36. To JosBPH JBIININ3S of BissoD Bridge, in the parish of Ker, in tbs 
oonnty of Conwall, assay master, for an invention of " a process for ob- 
buning metal from pyrites or mmdic" — Ist August 1839. 

37. To Cbbistopheb Bikks, reading inSCddlebie Btreet,Ne*riDgton, near 
Edinburgh, for an invention of " certwit improvements in obtaining or ma- 
nufccturing chlorine, and certain compounds of clilorine, applicable in 
Ueaching." — Sd August 1839. 

!fl. To David Stbab i^ Great Winchester Street, in the dty of London, 
merchant, partly a communication fivm a foreigner, and partly bis own dis- 
oorery, for an invention of " an improved mode or method of making or 
paving public streets and highways, and public and private roads, baths, 
courts, and tnidges, with timber, or wooden blocks." — 6th August 1839. 

39. To Jobh Gbokob Shdttlbwortb of the Mount, near Sheffield, in 
the connty of Toi^ soap-boiler, for an invenUon of " a new mode of ob- 
taining a rotary motion from the rectilinear motion of the piston-rod of a 
•tewm, or other the like engine." — 8th August 1839. 

90. To Gbobob Holwortht Palmbr of Bnrrey Square, Old Kent Boed, 
tn the coimty of Snrrey, civil engineer, for an invention of " certun im- 
provements in paddle wheels for pr<^ieUing ships, boats, or other veseela, 
navigated by eteam or other motive power."— 16th August 1839, 

31. To JoBn BosTROH of Edenfield, in the county of Lancaster, cotton. 
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■pinaer, in oonaeqneBce of a, commnnioatioii from a cutain five^Tier twd- 
mg abroad, for an invention of " certain improvement* in looms for wtn- 
ing."— 10th August 1839. 

33. To William Hekbv IIornbt of Blackburn, in the cotuitj of Ua- 
roster, cotlon-spinner, and William Kenwortht of the same place, cot- 
ton-spinner, for an invention of "certain improvemsnCa in ths mafJuBCVjor 
apparotns for sizeiug and otherwise preparing cotton, voo!, flax, and othd 
warps for weaving." — 17th August 1839. 

33. To JosN Mebcbs of Oakenahaw, in the counter of Lancaster, calico- 
printer and chemist, John Dvnslat Pkincb the younger of Mandiester, 
in the said county, calico printer, and William Blttbk of Church, in the 
said county, manufacturing chemist, for an invention of " certain imfrored 
processes to be used in the printing, dyeing, or colouring of cotton, woollen, 
silk, or other cloths and yama."—17tb August 1839. 

34. To John Buchanan of Glasgow, North Britain, coach-builder, and 
WiixiAM BaiDosa ADAUsof Porchester Terrace Bayswater, in the oonn^ 
of Middlesex, gentleman, for on invention of "oertain improvements in the 
construction of wheel-carriages, ports of wjiich improvements are also ^ 
plicaUe to machinery for propelling, and also for the purpose of secnrii^ 
ships itnd other vessels, and for communicating motion between different 
portions of machinery." — 22d Angust 1839. 

35. To Jambs Catpls Uillbb of Hanchester, in the connty of Lancas- 
ter, genUeoian, for an invention of " certain improvenienls in printing crii- 
coes, mnsiins, and other thbiics."— 36t^ August 1939. 

S6. To Dabclav Fabqubabson Watbon of Lincoln's Inn Fields, b the 
county of Middlesex, solicitor, in consequence of a conunimication from a 
certain foreigner residing abroad, for on invention of "improvements in 
crushing or preparing New Zealand flax (Phoriiinm Tenaz.)"— 4th Beptem- 
ber 1039. 

37. To Matthew Dziblli of Eing William Street, in the ci^ of Lon- 
don, merchant, in conacqacuceof a communication froui a certain formgner 
residing abroad, for sn invention of " improvements in impregnating wood 
or timber with chemical materials." — 4th S^tember 1839. 

38. To Johh Adoitstus Tulk of Seatonand Lowca iron-works, Cumber- 
land, iron master, for on invention of "improvements in the manufacture of 
irou."-^lll Soptember 1B39. 

39. To Fredbkick Parker of New Gravel Lane, Shadwell, in the coon- 
ty of Middlesex, animal charcoal manofacturer, for an invention of "im- 
provements in revivifying or restoring animal charcoaL" — 6th September 
1839. 

40. To John Dickson of Brook Street, Holbora, in the dty of London, 
engineer, for an invontion of " improvements in rotatory steam-engines,"— 
6th September 1839. 

41. To William Hale of Greenwich, in the county of Kent, engineer, 
for an invention of " improvements in steam-engines, and apparatos con- 
noted therewith, and in madiinery for propelling vessels, part of which im- 
provements are applicable to raising or forcing fluids." — 7th September 1830. 

42. To BoBEHi Caket of Breadgar, near Sittingboume, in the coun^ of 
Kent, gentleman, in consequence of a communication from a certain fo- 
reigner residing abroad, for on invention of "certain improvements in pav- 
ing or covering ittreets, roods, and other ways." — 17th September 1B39, 
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Berendt, his investigations on amber, 211. 
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Chevreul, his report on the milk of cofva labouring under an epidemic 
disorder called Cocote, together with general considerations con. 
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Chiistiaoii, Pro£, upon the alcoholic strength of wines, 19s. 
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Dalyell, Sir John Graham, his obeervatioiu on the leproduction of the 

Virgularia or PennatuU minbilu, 479- 
Davy, Sir Humphry, hia collected works ooticed, ^^ 
Dictionary of arts, manufitcturee, and mines, by A. Ure, H. D^ ii»- 

ticed, Sl6. 
etymological and explanatory, of the terms and langiuge of 

geology, by G. Roberta, noticed, 4S6. 

Edwards and Colin, on the respintion of planta, 1S€. 
Embryology, rcBearches on, by Dr M. Barry, 187. 

Forbes, Professor, on the oolour of the atmosphere, I96> 

— -- - on the colour of steam under certun circumstances, 195- 

Flourens, M., Perpetual Secretary of the Academy of Sciences of 

Frsnce, his eloge of Antojne.Laurent Juttieu, I . 
—~—. his observations on the natural butory of man, 351. 
his anatomical researches on tbe structure of the gastric and 

intestinal mucous membranes, S9I. 
Fyfe, Dr Andrew, his experiments on photography, 144. 

Gasparin on the classification of soils, 84. 

Geological Sodety of London, aniuTervaiy addrcM to, by Pn&nor 

Whewell, 17I- 
Geology, deBciiptive, obeerrations on, by the Bev. W. Whewell, 1^ 
Geological dynamics, obterrations on, by Rev. W. Whewell, 184. 
Glaciers, observations on, by Agaasiz, 383. 
Goring, Dr Charles R., on the comparative merits sf Die reflecting 

microscope of Sir David Brewster, and the catadioptric engiscope 

ot Professor Amici of Modena, with account of a new reflectii^ 

telescope for terrestrial objects, SI. 
Graham, Dr, descriptions of new and rare plants, I89. 
Granton, foB«iI-tree at, notice of, 91S, 



Hudinger, WiQiam, on an interesting mode of occurrence of c« 

spar in basalt tufia, l6S. 
Menweod, William Yory, F.G. S., &c on the expansive power of 

steam in some of the pumping-engines in the Comiab Mines, 4S. 
Honorary Premiums for subjects in hydrography, geology, soology, and 

botany, propoaed by the Wemerian Natural History Society, SO6. 

Insects, on the geografMcal distribution of, 94, SSS. 

Journal, Agricultural, Quoitetiy, its gedegicid memein, noticed, 4SS. 
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Man, natural history of, conndered, by M. FloureiiB, S5I. 

Hechtmics, illuitrationi of, by the Kev. H. Mmley, F. R. S., noticed, 
SI 5. 

Microscope, reflecting, observations on, by Dr Qonng, 31. 

Milk of cows, obaerrationB on. 111. 

U3ne, David, Esq., F. R. S. K., no^ce r^^arding the drying up of the 
rivers Teviot, Clyde, and Nith, and their tributaries, on the 29tli 
November 1888, SOO. 

-^— on two Etonns which paned over the British Islands in the end 
of November 1838, 203. 

his memoir on the Hid- Lothian and Bast-IiOthian coal-fields, 

noticed, 484. 

Mineralogical nature of terrestrial, fluviatile, and marine-shells, con- 
sidered by M. L. A. Necker, l60. 

Mosley, H., F. R. 8., his itlustTations of mechanics noticed, 215. 

Muirhead, James P. Esq., his notes to Arago's Life of Watt, 810. 

Nasmyth, Alexander, F. L. S., &c., his researches on the teeth, 433. 

Necker, M. L. A., on the mineralogical nature of terrestrial, fluviatile, ' 
and marine shells, 160. 

Newbi^ng, P. S. K., M.D. on certain circumstances affectmg the co- 
lour of Uood during coagulation, HOZ, S5S. 

Nicol, William, F.R.S. notice concerning an improvement in the con- 
struction of the single vision prism of calcareous spar, 33S. 

Oerstedt, Hans Christian, Professor, on water-spouts, 5Z. 

Palaontolc^, observations on, by Professor Whewell, 179' 

Parallel Roads of Glen Roy, aocount of, S95. 

Patents, list of, granted for Scotland, from 18th March to leth June 
1889, 217; from 25th June to 17th September 183g. 

Paterson, Robert, M.D., M.W.S., experiments and observations on the 
temperature of arteuan springs w wells, in Mid-Lothian, Stirling- 
shire, and Clsckmaimanshire, 71. 

Photography, observations on, by Dr Fyfe, 144. 

— ^——^^ observations on, by Sir John Itobison, 155. 

Photographic dravring, by Mungo Ponton, Esq. F.R£X, 169. 

Pcestum, the temples of, notice regarding, 213. 

Plants, on the respiration of, by Messrs Edwards and Colin, 126. 

Ponton, Mi^igo, Esq. F.RAE., his notice of a cheap and simple method 
of preparing paper for phott^raphic drawing, in which the use of 
any salt of silver is dispensed with, 169, 

Pnblicatioiu, n«w, noticed, 214, 380. 
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B«dfield, W. C, Bome account of whirlwinds which &ppe«c to hare K- 
aulted firom the action of large circular fires, s€9. 

Respiration of plants, obeerrations on, by Uessra Edward and Colin, 
136. 

Rivers, notice regarding their drying up, b; D. Milne, Esq. 300. 

Roberts, Martyn J. Esq. Hem. Oeol. Soc. Cornwall, ftc, on a new me- 
thod of re-shipping a rudder at sea> and that with eaae, eren in 
stormy weather, l66. 

RoHion, Sir John, on Daguerre's photognphy, lfi5. 

Roberts, George, his etymological and explanatory dictionary of the 
termi and language of geology, noticed, 435. 

Rooke, T. C. B. Esq., F.R.C.S., his notice of remarkable aptations <£ 
theaeaat the Sandwich IilaiidB,on the 71h November I8S7, HI. 

Roy, Glen, the parallel roads of, described, 395. 

Rudder, mode of re-shipjting at aea, by M. J. Roberts, I66. 

Russell, J. Scott, F.R£.E. &c, on elementary conndentionsof some prin- 
ciples in the constnicdon of buildings deugned to accommodate 
spectators and auditors, 131. 

Sea, account of some remadiable agitations of, by Mr Rooke, 141. 
Smith, Dr, his Zoology of Southern Africa, noticed, 215. 
Soils, on the clasiiGcation of, by M. de Gasperin, 84. 

Teeth, researches on, their development, structure, and disease*, by 

Atex. Hasmyth, Esq., noticed, 4S3. 
Tornadoes on the west coast of AlHca, notice of, 313. 

Ure, A., M.D., his dictionai^ of arts and manu&ctures noticed, 3l6. 

Virgularia nurabilis, observations on, by Sir John Graham Dalyell, 379. 
Watt, James, biographical memoir of, by M. Arago, S91. 
Water Spoute, account of, by Prdessor CErsted, 53. 
Wemerian Sodcty, Honorary Premiums proposed by, 306. 
Wemerian Society, memoirs of, part 1st of Vol. viii. 430. 
Whewell, W., B.B., F.R.S., &c. hie address to the Geologioal Society 
of London, delivered at the anniversaiy on the 15th Feteuoiy 
1839, 171. 
' Whirlwinds, occasioned by circular firec, considered, S6d. 
Wines, alcoholic strength of, by Dr Christison, 196. 

Zoology of the voyage of H. M. Ship Beagle, under the command of 
Captain Fitzroy,durmg the years 1833 to 1836, noticed, 314, 4S5. 
Zoology of Southern Africa, by Andrew Smith, M.D., noticed, 315. 
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